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All rights reserved. No partof this document may be reproduced without
the express permis sion of Dataproducts Co rpo ration.

The material inthis document is for informational purposes and is subject
to change without notice.

SPECIAL NOTE TO READER
i mira · ,

Despite every reasonable effort by Dataproducts
Corporation, a manual of this scope may contain
errors, omissions, or ambiguities. To a large
extent, we depend upon feedback from our users
to 'correct this situation. We urge you, therefore,
to let us know how you think this manual can be
improved. The best way to do this is to use the
Reader's Comment Sheet located at the back of the
manual.



Dataproducts Corporation grants the Federal Aviation Administration

specific limited rights as provided for in General Provision 42. Rights

In Technical Da.ta and ..._Cyan_purer Software, paragraph B., entitled

'Governments Rights.' These limited rights (including the right to

duplicate) are applicable to all Maintenance and Operation Itanuals for

the Dataproducts B series equipment provided under this Contract
/

DTFA01-81-C-10039. Use of this data is specifically for the ["SAS project

only.
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WARNING' This equipment generates, uses, and can radiate radio frequency energy
and if not installed and used in accordance with instruction manual, may cause
interference to radio communications. It has been tested and found to comply with
the Limits for a Class A computing device pursuant to Subjart 3 of Part 15 of FCC
Rules, which are designed to provide reasonable protection against such interference
when operated in a commercial environment. Operation of this equipment in a
residential area is likely to cause interference, in which case the user at his own
expense will be required to take whatever measures may be required to correct the
interference.

If this equipment does cause interference to radio or television reception,, which can
be deterrnined by turning the equipment off and on, the user is encouraged to try to
correct the interference by one or more of the following measures:

1. Reorient the receiving antenna.

2. Move the printer away from the receiver.

3. Plug the receiver into a different outlet so that printer and receiver
are on different branch circuits.

#. Consult an experienced radio/TV technician for additional suggestions.

CAUTION

To avoid the possibility of a shock hazard, fire, or violation to
your equipment warranty, any INTERNAL modifications of your equip-
ment should be done ONLY by a qualified service representative.

NOTE

Do to connector pin impedances, an unshielded plug or cable may
cause radiation interference. The printer is designed for use
with an adequately shielded interface cable. The shield must be
bonded directly to the chassis of the printer.
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SPARE PARTS ORDERING INFORMATION

Parts can be ordered as follows: _'

For orders placed by telephone, call the appropriate number as
shown below:

If customer facility is located east of the Mississippi River:

(213) 887-8033

If customer facility is located west of the Mississippi River:

(213) 888--t_091

For orders placed via Telex, use:

67-4_.73 DATAPROD LSA

For orders placed via mail, address to:

DATAPRODUCTS CORPORATION
21300 Roscoe Boulevard

CanogaPark, CA 91304

Attention: Order Administration
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PRODUCT REPAIR AND REFURBISHMENT

Dataproducts Corporation provides comprehensive repair services for all
prcduct lines.

CeA and Subassembly Repair

Circuit card and subassemblies are tested and. repaired utilizing
components and assembly/test procedures which meet or exceed
original product specification.

Printer Repair and Refurbishment

Printer refurbishment programs are structured to provide basic
repairs or to completely rebuild to original specifications.

Custom Programs

--. Dedicated personnel are available to discuss your repair needs
and to develop custom programs tailored to your requirements.

For pricing and additional information contact:

Dataproducts Corporation
Customer Services Division
21300 Roscoe Boulevard

Canoga Park, CA 9130q

Attention: Repair and Refurbishment

Telephone: (213) 8S8-q079

Telex: 67-t_t_73



TI 6490.20

./.--

TRAINING INFORMATION

DATAPRODUCTS HAS A VARIETY OF TRAINING' FORMATS
AVAILABLE TO MEET YOUR EDUCATIONAL NEEDS:

THE M-SERIES PRINTER TRAINING COURSE: A 5 day analysis ot the M-Series
Matrix Printers, ideal for Teachers, Engineers, Sttpport Personnel, or others
requiring an in-depth understanding of M-Series Matrix Printer technoiogy.
Regularly scheduled classes are conducted in Canoga Park, California. Special
classes may be conducted at your facility.

THE M-SERIES INSTRUCTOR TRAINING GUIDE: The Instructor Training Guide
provides all necessary information to accurately conduct a training course on
Dataproducts M-Series Matrix Printers. The guide provides the instructor with
overall course strategy, detailed theory of operation, Iecture preparatory notes,
laboratory directions and sample problems, exams, exam answer sheets, and
viewgraph slide masters.

TH E M-SERIES STUDENT TRAINING GUIDE: Used by the student in conjunction
with_the training course, this text p_ovides pictorial aids which simplify concepts.

f-

THE M-SERIES SLIDE/CASSETTE TRAINING PROGRAM: This Slide/Cassette
Program delivers a sound module-level understanding of the M-Series printers,
enabling the trainee to perform all required maintenance, calibrations and
adjustments, disassembly and reassembly, and to troubleshoot and resolve printer
problems in a logical and orderly way. Lecture and laboratory are presented via
photographic slides and tape cassettes. Each program includes an M-Series
Maintenance Guide and a slide/cassette Student Guide.

FOR REGISTRATION OR ORDERING INFORMATION, CALL:

DATAPRODUCTS

TECHNICAL EDUCATION CENTER

(213) gg7-g_g9

Telex; 67-_g73
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SECTION I

GENERAL DESCRIP'rION

1.1 INTRODUCTION

This Master Support and Logistics Manual describes the Dataproducts
Corporation's M-Series (MI20/M200) matrix printers. Volume I consists of the
following sections:

Section I - General Description

Section II - Theory of Operation

Section III - Troubleshooting

Volume II consists of the following sections:

Section IV - Schematic and Logic Diagrams

Section V - Illustrated Parts Lists

1.2 SUPPORTING DOCUMENTS

Two additional documents complement this Master Support and Logistics
Manual:

a. M120/M200 User's Guide, Publication No. DPC25517_.

b. MI20/M200 Maintenance Guide, Publication No. DPC25507_.

1.3 PURPOSE OF EQUIPMENT

The M-Series is a family of microprocessor-controlled matrix printers
designed for use as output peripherals for minicomputer terminals and small business
systems. Data is supplied by the user in either parallel or serial form_ and printed
bidirectionally. Characters are formed in a 7 x 7 dot matrix. The dots are produced
by print wires striking an inked ribbon against the paper form.

1.# DIFFERENCES BETWEEN MODELS

Twomodels of the M-Series printer family are described in this manual:

a. Model MI20 Medium Speed Serial Matrix Printer.

b. Model M200 High Speed Serial Matrix Printer.

1-1
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GENERAL DF__.,SCRiPTION

The principal difference between the two models is the print rate. The
Model M120 printer prints at a nominal rate of 75 lines per minute for 132 printed
character columns, while the Model M200 print rate is 125 lines per minute for 132
printed character columns. The MI20 printer uses a single-column print head of
seven print wires; the M200 printer uses a dual-column print head of seven print
wires each, for a total of I_ print wires. Other differences include hardware
circuits that drive the print wires, shuttle servo motor, and firmware routines
involved in printing.

Throughout this manual, the paragraph, figure, and table headings that
apply uniquely to either the MI20 or M200 printer are designated by the applicable
model number. Headings not designated by a specific model number apply to'both
models.

1.5 FEATURES

1.5.1 Standard Features

Following is a list of MI20/M200 standard features:

a. Front Forms Load
b. Bottom Forms Load

c. Horizontal Alignment Guide
d. Vertical Alignment Guide
e. Easy Loading Ribbon Cassette
fL Paper Out Sensor
g. Condensed Printing
h. Expanded Printing
i. High Speed Paper Slew
j. Forms Thickness Control
k. Status Display
1. Built-In Self Test
m. 6 Lines Per Inch Print Lines

1.5.2 OptionalFeatures

The MI20/M200 options are described in paragraph 1.12.

1.6 PHYSICAL DESCRIPTION (Figures 1-1 through 1-_)

The printer is made up of seven major physical components, as follows:

a. Print Head
b. Shuttle System
c. Ribbon System
d. Paper Feed System
e. Power Supply
f. Control Panel

g. Circuit Card Assemblies

/-

1-2
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CIRCUIT
POWER CARD
SUPPLY ASSEMBLIES
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I
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\
TCVFU PRI'NTHEAD

255074, I t_

Figure 1-3. Printer Front View, Cover Removed
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255197.109

Figure 1-4. Printer Top Right View,
Cover Removed
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These components are enclosed in a clamshell plastic package, and
mounted on the bottom half of the package. The two halves of the clamshell
package are locked at the back by two quick-release latches, and secured at the
front by two recessed screws. To gain access to all components of the printer, the
top portion of the clamshell package, the top cover, is removed. The control panel
is located under the top cover, and fastened by a spring-loaded clip. When removing
the top cover, the control panel is detached and placed in a recessed area within the
printer chassis. A hinged portion of the top cover, the door, is raised, as shown in
figure 1-2, to gain access to the print head and ribbon cassette'. A plastic window
within the door allows a view of the line currently being printed while the door is
closed. Paper exits au The top through a slot within the too cover.

1.7 M200 PRINT HEAD

The M200 printer uses a 10-wire head to produce dot pattern characters
(matrix). The fourteen print wires are arranged in two vertical columns of seven
wires each. Figure 1-5 illustrates the dot configuration of the character "M" within
the matrix.

1.g M120 PRINT HEAD

The M120 printer uses a seven-wire, single-column print head to produce
the dot pattern characters. In all other respects, the printing principles of the MI20
are identical to those of the M200. Figure 1-6 illustrates the dot configuration of
the character "M" in the M120 printer.

1.9 PRINTER ASSEMBLY ORGANIZATION AND DESCRIPTION

The printer assemblies and their interconnections are illustrated in figure
1-7. With the exception of the Tape Controlled Vertical Format Unit (TCVFU)
option, all assemblies are interconnected either directly or by cable via the Mother
Board Circuit Card Assembly fA7). The TCVFU interfaces with the printer via the
Interface Circuit Card Assembly fA2).

Circuit card assemblies A2 through A6 are interconnected with the printer
via Pl and P2 on the Mother Board Circuit Gard Assembly (CCA). All other
assemblies are connected with the Mother Board CCA by plug and jack, as shown in
figure 1-7. The 3It) (PA) and 315 (PB) shown in figure 1-7 are allocated for option
configuration switches described in section VI of the MI20/M200 User's Guide, DPC
255174.

The following assemblies are described in subsequent paragraphs:

a. Power Supply Components and Regulator Circuit Card Assembly
b. Interface Circuit Card Assembly
c. Processor Circuit Card Assembly
d. Motor Driver Circuit Card Assembly
e. Wire Driver Gircuit Card Assembly
f. Print Head and Shuttle Mechanism
g. Ribbon Advance Components
h. Paper Feed Components
i. Control Panel

1-7
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1.9. l Power Supply Components

The printer is configured with a universal power supply. As such,
it can accept either domestic or international line power in any one of four different
voltage/frequency combinations, as follows=

a. 115 VAC (nominal) at 60 Hz

b. 230 VAC (nominal) at 60 Hz

c. 115 VAC (nominal) at 50 Hz

d. 230 VAC (nominal) at 30 Hz

As shown in figure 1-8, the main component of the universal
power supply is universal transformer T1. A primary winding of T1 forms a resonant
circuit with resonant capacitor C4 at the incoming line frequency, driving the
transformer core into saturation. As a result, T1 produces constant secondary
voltages over a wide range of primary line voltage variations.

Other components of the power supply include fuses, main power
switch, thermostat, line filter, bridge rectifiers, and filter capacitors.

Three filtered DC output voltages are produced by the power
supply= +?V, +2IV, and -2IV. These output voltages are used either directly
throughoutthe printer,or appliedto the RegulatorCCA forfurtherregulation.

The Regulator CCA (A6) receivesfilteredinputsof +21 VDC and
+9 VDC, and outputs regulated+12 VDC, +9 VDC and an adjustable_5 VDC (see
sectionIII).The regulatedvoltage outputsfrom the Regulator CCA are placed on
the PI and P2 buses of the Mother Board COA and distributedthroughout the
printer.

1.9.2 Interface Circuit Card Assembly (A2)

The primary function of the Interface CCA is to interface the
user system with the printer. Interface requirements differ among the various user
systems with which the printer can operate. For this reason, the printer may be
configured with the standard Interface CCA described in this section, or with one of
the following optional Interface CCAs: DPC Parallel Long Line Interface CCA,
DPC Centronics-Compatible Interface CCA, or Serial Interface CCA. Optional
interface signals are described in section II of this manual and in section IV of the
MI20/M200 User's Guide, DPC 255174.

The standard Interface CCA (A2) is a short-line interface circuit
card assembly which operates at a maximum cable length of 49 feet (15 meters). It
is recommended that the interface cable be constructed of 22 AWG insulated wire.

Each signal in the cable should be transmitted over a twisted wire pair, with one of
the wires serving as a return. Voltage levels for signals transmitted over this
interface are defined as follows:

/

1-10
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Figure 1-8. Universal Power Supply Block Diagram
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Logic "l" Signal: Must be greaterthan +2.5 VDC
and less than +5.5 VDC.

Logic "0" Signal: Must be equal to or greaterthan
0.0VDC and lessthan +0.5 VDC.

The Short Line InterfaceCCA receivesstandard codes in bit-

parallelformat. Data transferbetween the user system and the printeris on a
demand/response basis. Standard interfacesignalsthat the printerrecognizesare
listedbelow:

DATA STROBE
READY
ON LINE
DEMAND
DATA

Operation of the standard interface communications (handshaking)
is as follows:

a. When the printer is able to be put on line by the operator, the
READY signal goes active.

b. After the READY signal goes active, the DEMAND signal will go
active to request data from the user.

c. In response to the DEMAND signal, the user will place data on the
data lines and activate the DATA STROBE signal.

d. The printer samples and stores the character transmitted on the
data lines.

e. Once the data lines have been sampled, the DEMAND signal goes
inactive.

f. When the user detects that the DEMAND line has gone inactive,
the STROBE signal can then go inactive.

g. Once the character has been stored, the printer verifies that the
STROBE signal is inactive, then activates DEMAND again for the next character.

1.9.3 Processor Circuit Card.i. ssembl¥ (A3)

The Processor CCA is a microprocessor system which controls all
functions of the printer, including character generation, paper motion, print head
motion, data transfer functions, and operator controls. It allows for maximum print
throughput by the use of bi-directional printing. The Processor CCA "looks ahead"
at the next kine of print to determine the proper starting point for minimum print
head motion.
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The Processor CCA includes a variable timing circuit which
controls the period of time in which the wire driver circuits are turned on and off.
Procedures for adjustment of this circuit are given in the M120/M200 Maintenance
Guid% DPC 255074.

1.9._ Motor Driver Circuit Card Assembly (A4)

The Motor Driver CCA provides the means of driving the three
motors used in the printer: the shuttle servo motor, the paper feed stepping motor,
and the ribbon drive motor.

.... The Motor Driver CCA controls starting, stopping, reversing, and
velocity of the shuttle servo motor (Bt;) which drives the shuttle mechanism. A high ·
efficiency power amplifier is used to drive the motor. Velocity information to the

iservo circuitry is provided by signals from the encoder disc mounted on the motor
shaft. Motor stalling is detected and amplifier shut-down is automatically effected
for safe W purposes in the event that print head motion is impeded. This assembly
also includes the adjustment for controlling the shuttle speed. Procedures for
adjusting the speed control are given in the M I20/M200 Maintenance Guide, DPC
255074.

The Motor Driver CCA also supplies the drive current pulses to
the paper feed stepping motor (52) to move the paper and to maintain the position
of the paper during the print process.

i Current for the ribbon drive motor is supplied from this assembly
during printing operation. Ribbon motion occurs only when the shuttle servo motor
and/or the paper feed motor is operating.

1.9.5 Wire Driver Circuit Card Assembly (A5)

This assembly supplies current to each of the print head solenoids
as determined by control signals from the Processor CCA. The Wire Driver CCA
also contains replaceable fuses for each pair of drive circuits. This prevents damage
to the solenoids from excess current in the event of a malfunction.

1.9.6 Print Head and Shuttle Mechanism

The print head is mounted on a shuttle mechanism that is moved
across the print line by a constant velocity DC servo motor. As the shuttle
mechanism traverses the printing area, it is guided by means of two parallel bars.
Two self-lubricating journal bearings hold the shuttle mechanism to the rear bar,
while a single bearing guides the front edge of the shuttle mechanism along the
second bar. This arrangement secures the print head in the proper relationship to
the platen during printing operation.

The shuttle mechanism is moved bidirectionally at a constant
velocity by the shuttle servo motor and belt. Constant tension is maintained on the
belt by an idler pulley assembly. Column position information is obtained from an

, encoder disc mounted on the shuttle servo motor shaft. A transducer is used to
indicate column one to ensure that the position information is properly referenced.

f
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1.9.7 Ribbon Advance Components

The ribbon advance components consist of a ribbon cassette and
ribbon drive motor. Both components are mounted on the shuttle mechanism _nd
move together with the print head. The ribbon drive motor is energized only during
printing and paper motion operations.

1.9.8 Paper Feed Components

The paper feed system consistsof a paper feed steppingmotor,
paper _eed drivebelt;and tractordriveassembly. Drivingpower issuppliedby .he
paper feed stepping motor, and coupled by the paper feed drive i_eltand tractor (irive
shaftto the tractors.The two tractors,located at eitherside and above the print
station,move the paper verticallypast the printhead. A tensioningdevice,located
below the printstation,holdsthe form flatagainstthe platen.

1.9.9 ControlPanel

The control panel, located at the right front of the printer,
containsallelectroniccontrolsand indicatorsnecessaryto operate the printer,with
the exception of the main power switch/indicator.A ribbon cable connects the
controlpanelto the printercontrolelectronics,viathe Mother Board CCA (A7).
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.... i. l 0 SPECIFICATIONS

Table l-I summarizes the printer specifications.

TABLE i-1. SPECIFICATIONS

S_Cl [icatlo_S Specl i iC$_l_r_s

lie n _1200 _ 120 lie n _200 _lig

Input Power P.equire,nent c. _PC _,_-_tr_lcs-Compatl_le Same
(maximum mteriace cable

Umversel: 95 VIC to [_0 VAC Or ill [0 Same VAC_: [etlgt_l of [5 meters)
257 V_C 50 or &0 Hz, I

-_J% sAngle Lzne_ J
pha_se _tanclar0: 6 hnei Per 25.4 mm ([ inch) Same I

Power ConsumDtLoa

I 'die: I }0 fdI[t inaxlrnum qame _gDtlOnal: I_ lanes t:_r 2}._ mm [[ inch) Samei

.-- .. Prmcmg: 275 wails maximum Same Paper Feed
Slew: 75k mm (l Omches)/second Same

Temperature (Minimum slew rSte)
Ol_ratmg: tOOC to 3g°c 150° to LOg°F} Same

Step: 50 mlllise£onds rn&x_mum Same
Storage: -10ac tO 50°C (it*°F tO 122°_) Sm_e (Single lme advance)

Transit: -t*O°C to 7[°C (-g0o_ ' to [6OOF) Same Thro_
Full Line: t25 hne_ per minute 75 h_es

Humidity (t32 characters) per illlnute
O_ratmg: _0% toS0_, non-condensml[ Sa,ne

_hort Line: _OOhnes per min_e 200 lin_
Storage.' LO% to ')0%,[0% per hour Same ra_e Of per inlnute

cnange

Paper Form Standard fan-folded, edge- Same
Transit: 95% maximum, 10% Per hour Saline rare o[ Require nents pqnched

change _l/tdth'_ 7.(aJJcm tO _0.6 t_cm (3 Inches Same
to /6 inches) overall

Printer I_im _n_lons

Height! _englh The basic printer aceo,_- Same
nodates a 27.9_ cm (Il [nches)

Cover closed: 21-3 em (&,36 inches) Same fixed form length

Cever open: 57. lcm (22./*8 rocheS) 5amc A 10.t*g ¢m (12 mche_) riled Same
_orrn length is &v&t[_ble e_

W_dth: 67. lcm (26._ roches) Same an option

Depth: 59._ cm (2),3g inches) Same Prinlers equipped with tr_ _me
optional (orms length _.eiector

Po_vet CordLcn_tth a meters (l 3.12 fe_t) Same leltCh Can accommodate [ [ dj [-

_erent fo_m lengths ranging
Print Head kale ]OO mllhorl characters 200 million from 7.6Z cm (3 inches) to

characters 35.56 cm (lt_ inches)

Ribbon Life 5 million characters Sam_ Printers eqmpped with the op.
lionel TCVFU Can _ccomm(xlaie
forms lengths of up to 61 cm

Pri_te_ (2t_ inches) at 6 CPI, and up lo
Net: lOKg (67 tbs) Same a5.72 em (Id inches) al g LPI

Shipping: 37.2 Kg (g2 lbs) Same Printers equipped with the Same
_AVFU optioncan accommodate
(ores [6-ngth_aliup to 107 cm

Print Character- (_2 inches) at 6 [.Pi, amd up to
istlcs 76.2 cm (30mehe_) at 3 LPI

Character Rate: 3_0 characters per seCond 180 Characters

nominal per second Weight: t6 G/M2 (lO lb) minimum Same

Print Method: DOt matrix, 7 horizontal by Same Thickness 0.71 mm (0.02g mch) maximum Same
7 ver_lcel

_.nvlronmencel I6°C (60°F), at a relative S_me
printable Columns: 132 columns maximum @ l0 cpi Same Conditions: humidity of a0% to 60%

(ReCommended
Pitch (Horizontal operating and
Speclng} storage oI forms

Standard: J0 characters Per _5._mm Same for best printing)(1 mch); 132 characters/hne

maximt_m Rlbl_ _elect_n 'Fabricribbonimpregnated with Same
_ulde non-fading ink, 12.7 _lm ([/2

Cc_qdent_-_d: 16.7 characters Per 75.¢ mm Same _-l:_._lfically quail- mch) by 36 meters ([20 feet),
( I inch); 219 Characters/line [ted _or matrl _ con tlnuOus loop casse tie
in_xlmum printing)

Expanded., 5 characters [_r 25._ mm .Same
(1 mch); 66 characters/hne
maximum

[nterfacms
Standard,. Short-Line Parallel (maximum Same

interface cable length oi
l5 meters)

Optmns: a. Loiqg-LJne Parallel Same
[maximum interlace cable

length of [50 meters)

b. 5eriel (m&ximum interlace Same

cable length of 15 me[ers
-'-_ w_th RSi)2; _,57meters with

current Ic_p)
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/.11 PRINTABLE FOI;(MS

The printer is capable of printing on forms with as many as six parts. The
duplicate parts may be printed on either carbonless paper or single shot carbon
paper. Other multi-part forms may be used but should Detested under user operating
conditions to verify proper paper handling and printout legibility. The recommended
storage environment of the paper forms is 60OF (g2oc) to 80OF (60oc) at about _0%
To60% relative humidity.

Table 1-2 lists the recommended form thickness and paper weights for both
carbonless paper and single shot carbon paper. Lower paper weight forms may be
used in ail cases as tong as the paper weight is alcove tO pounds (37 grams per square
meter) for any individual part.

The first column of table 1-2 is labeled "No. of Parts", and the numbers 1
through 6 represent the number of parts to a form. The "Eorm Part Location"
heading is divided into six columns, each column corresponding to the page number of
a multiple part form. Form Part Location column 1 represents the first part, or
original copy, and is the copy closest to the print head after the form has been
inserted into the printer and is ready for print.

The figures in each of the six Form Part Location columns are suggested
paper weights for each form part, expressed in pounds and grams per square meter
(gsm). Suggested total form thickness is given in inches and millimeters.

f_-

Example: For a carbonless three-part paper form, table 1-2 suggests the
following weights:

Part I (in Form Part Location column 1) - 20 (73)
Part 2 (in Form Part Location column 2) - 15 (36)
Part 3 (in Form Part Location column 3) - 100 (163)*

* The 100 (163 gsm) is the weight for tab card stock, based upon paper dimensions of
2g" x 36' per 500 sheets. All other weight values are based on paper dimensions of
17" x 22" per 300 sheets. A total thickness of all three example parts should be
0.014 inch (0.36 millimeter), as shown in the "Form Thickness" column of table 1-2.

NOTE

The heaviest weight form part should be the last
page of a multiple part form located farthest from
the print head when the form is inserted into the
printer.

/-
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TABLE 1-2. M-SERIES PRINTABLE FORMS

I !

Carbonless Paper !

No. Form Part Location Form Thickness

I i
of I 2 3 4 5 6 Inches Millimeters

ParTs 1 .1
i

I 100(163) ! ' .0070 .18
I

2 20(75) ' 100(163) .0110 .28

3 20(75) 15(56) 100(163) .0140 .36

4 15(36) 15(56) 15(56) 100(163) .0175 .44

5 15(56) 15(56) 15(56) i5(56) 20(75) .0170 .43

6 13(36) 12(43) 12(45) 12(43) 12(45) 20(75) .0155 .47

z

Carbon Paper

Using 8 lb (19 gsm) Single Shot Carbon

No. Form Part Location Form Thickness
/

of .........
Parts I 2 3 4 5 6 Inches Millimeters

I 100(163) .0070 .18

2 20(75) 100(163) .0130 .33

3 20(73) 13(36) 100(163) .0180 .46

15(56) 15(56) 15(56) 100(163) .0240 .61

5 15(56) 13(36) 15(36) 15(56) 20(75) .0220 .56

6 15(56) 12(45) 12(45) 12(45) 12(45) 20(75) .0240 .61
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1.12 OPTIONS

Options available with the M I20/M200 printers are listed below and
described in the following paragraphs'.

a. Print Density Options
b. Format Control Options
c. Optional Interface Signals
d. Interface Connector

e. Long-Line Interface
f. DPC Centronlcs-ComDatible Interface

g. Serial Interface
h. Automatic Line Feed

i. Elapsed Time Meter
j. Rear Forms Load
k. Pedestal
1. Ground Isolation
m. Seven-Bit Only Interface

1.12.1 Print Density Options

The printer can be configured to produce non-standard character
and line spacing, as follows:

a. Condensed Character Spacing

This option allows the printer to print with a horizontal pitch of
16.7 characters per inch, in addition to the standard spacing of 10 characters per
inch. A switch located on the Auxiliary Control Panel allows selection of either
standard or condensed pitch. An octal 22 control code may be used to override this
switch and enable condensed printing, regardless of switch setting. To reset the

pitch to that established by the switch before override, any line terminator code
may be used.

b. Selectable Line Pitch

This option allows the operator to select a vertical pitch of either
6 or 8 lines per inch by means of a switch located on the Auxiliary Control Panel.
Selection of vertical pitch cannot be made by interface code. Underlining is not
permitted when operating in the g lines per inch mode. Any underlined characters
transmitted to the printer when g lines per inch is selected will be converted to
blanks.

1.12.2 Format Control Options

The following format control options are described in this
paragraph:

a. Fixed Form Length
b. Variable Perforation Skipover

,/
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c. Form Length SelectorSwitch
d. Tape Controlled Vertical Format Unit
e. Direct Access Vertical Format Unit

a. Fixed Form Length

The basicprinterisconfiguredto provideautomatic Top of Form
positioningwhen used with ll-inchforms. This featuremay be optionallymodified
to allow use of 12-inch forms to suit international requirements. Requirements for
operation with other form lengths can be met by the use of the Form Length
Selector Switch or the Vertical Format Unit options.

b. Variable Perforation 5kipover

The standard 3-line skipover distance may be modified to 0, 4, or
(=-lineskipoverby means of the Option Configurationswitches.The presence of
either verticalformat unit (TCVFU or DAVFU) transferscontrol of the skipover
distance to the Bottom of Form and Top of Form data contained in the VFU
memory.

c. Form Length Selector Switch

This option allows the operator to handle a variety of commonly
used forms lengths and to automatically advance the paper to the top of form by

...._ means of an interface code or the TOP OF FORM switch on the Control Panel.

5election of one of eleven forms lengths is made by means of a rotary switch
located on the Auxiliary Control Panel. The switch positions correspond to the
forms lengths of 3, 3 1/2, 4, 5 1/2, 6, 7, 8, g 1/2, 11, 12, and 14 inches. Letter
designations A, B, C, D, and E are used for custom lengths. Unless configured for
these custom lengths, use of these settings will result in a default of 11 inches.

d. Tape Controlled Vertical Format Unit (TCVFU)

The Tape Controlled Vertical Format Unit (TCVFU), consisting of
an optical tape reader and associated electronics, is offered as an option to enable
the handling of a variety of vertical formats, and to allow rapid paper slewing within
individual formats.

Data is read from tape following each power-up operation, and
stored in memory. The memory load will start when a hole is detected in the least
significant tape channel (left-most), and continues until a hole is again detected in
this channel.

Tape load operation is initiated by pressing the tape reader
switch, located on the tape reader assembly, when the printer is in the off-line
mode. VFU memory is loaded (I) when the printer is powered up, (2) following any
tape change, or (3) following the detection of a VFU error. If an error occurs while
loading tape, the ALARM indicator will light up. To recover from the error, the
CLEAR switch must be pressed and the tape load operation repeated. At the end of
the operation, the tape will come to a stop and the tractors will be synchronized
with the memory at the Top of Form position.

1-19



TI 6490.20 GENERAL DESCRIPTION

Once the memory has been loaded, .the tape reader turns off and
all mechanical activity ceases. VFU instructions are transmitted to the printer by
activating the Paper Instruction (PI) bit at the same time that coded instructions are
presented on the data lines.

As paper is advanced, the buffer memory is electronically
"rotated" in synchronization, as a tape loop would be rotated in a mechanical system.
Turning off the power will result in loss of synchronization between form and
TCVFU.

i

e. Direct Access Vertical Format Unit (DAVFU)

The Direct Access Vertical Format Unit (DAVFU) is offered as

an option to enable handling of a variety of vertical formats, and allow paper
slewing within a form in a manner identical to the TCVFU described above. Instead
of loading the memory from a tape loop, the DAVFU provides far direct loading from
the user system via the printer interface lines.

A DAVFU START code (156 octal) accompanied by print
instruction signal PI, may be sent to the printer any time data is requested. Upon
recognition of the DAVFU START code, subsequent codes are used to load the VFU
memory rather than to cause printing or paper motion.

Once the number of memory positions corresponding to the length
of form (252 lines maximum) has been loaded, a STOP LOAD code (157 octal) .....
accompanied by paper instruction signal PI, is sent to the printer. This code causes
the printer to return to the normal mode whereby all recognized codes are used for
printing or paper motion. Once the memory has been loaded via the interface,
DAVFU-controlled paper motion instructions and operation are identical to those of
TCVFU.

Once th_ DAVFU is loaded, the Form Length Selector Switch and
the Perforation Skipover feature are disabled. Perforation Skipover will occur
whenever Bottom of Form (BOF) is detected and will stop when Top of Form (TOF)
is detected.

1.12.3 Optional Interface Si&nals.

The following optional interface signals are available with both
the standard DPC Short-Line Parallel Interface and the optional DPC Long-Line
Parallel Interface.

a. Parity Bit

This user-generated signal is used when Parity Error detection is
required. If odd parity is selected, the PARITY BIT signal must be active when the
total number of active high data bits (including the PAPER INSTRUCTION signal (if
used) is even. If even parity is selected, the PARITY BIT signal must be active
whenever the total number of active high data bits (including the PAPER
INSTRUCTION signal, if used) is odd. Implementation of this option requires the _-
OPTION HEADER.
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b. Parity Err.or.

This printer-generated signal informs the user that a parity error
has been detected on interface data. The PARITY ERROR signal can be reset by
either BUFFER CLEAR or a format code.

c. Paper Inst. r.uction

This user-generated signal informs the printer that information on
the data lines is *_obe treated either as format data, or as a DAVFU start or stop

code. This signal can only be used when the TCVFU or DAVFU option is installed;
.... however_ a line of data can be terminated, using the standard ASCII format codes

(Paper. Instruction signal inactive) even though the TCVFU or DAVFU option is
installed. The Paper Instruction signal is looked at only when the DEMAND signal is
active.

d. Bottom of Form

This printer-generated signal is supplied to the user_ and is active
when the bottom of form (BOF) position has been reached. The BOF position is
determined by the form length as wired in the standard printer_ or as dictated by the
TCVFU or DAVFU data when these options are enabled.

e. Top 9f. Form
r

This printer-generated signal is supplied to the user, and is active
when the top of form (TOF) position has been reached. The TOF position is
determined by the form length as wired in the standard printer, or as dictated by the
TCVFU or DAVFU data when these options are enabled.

f. Paper Moving

This printer-generated signal informs the user that the paper feed
motor is energized.

1.12._ Interface Connector

An optional 50-pin Winchester Connector is available. The
Winchester mating connector and pins are not supplied with the printer.

1.12.5 Long Line Interface

The optional Long-Line Interface .is a modified version of the
standard DPC Short-Line Parallel Interface. It allows the user to communicate with

the printer over an extended cable length of up to _92 feet (150 meters). Signals
between the user and the printer should be transmitted over twisted __a?r wires_
using 22 AWG wire with one to three twists per inch. In all other respects, this
interface is identical to the standard DPC Short-Line Parallel .Interface.
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1.12.6 DPC Centronics-Compatible Inter. face

The DPC Centronics-Compatible Interface allows the user to
interface with the DPC M200 printer in a manner compatible with Centronics

rinters. Data is transmitted over a short cable with a maximum length of 49 feet
15 meters), using twisted pair wires.

a. Logical Levels

Logical "1" = More positive than +2._ VDC positive than +5 VDC.

Logical "0" = More positive than 0 VDC and less positive than +0.q
VDC.

Interface signals, with some exceptions, are active when in the
logical "1" state. Exceptions: Signals DATA STROBE, ACKNOWLEDGE, INPUT
PRIME, and FAULT are active when in the logical "O" state.

b. Interface Connector

The interface connector mounted on the printer is a 50-pin AMP
HDP-20. Mating connector and contact pins are not supplied with the printer. An
optional adapter cable that terminates in a Centronics-type 36-pin connector is
available.

1.12.7 Serial Interface

The serial interface operates in an asynchronous receive-only
mode, and may be used with or without a modem. Serial data is received from the
user via current loop or standard EIA R5232 receivers. The interface will operate
with a variety of baud rates ranging from 110 to 9600. Signals are transmitted over
a cable with a maximum length of 50 feet (15.3 meters).

Logic Levels

R5232C

MARKING 5PACING
OFF ON

-3.0 VDC to -25 VDC +3.0 VDC to +25 VDC

20 mA Current Loop

MARKING SPACING
IDLE BREAK

17.0 mA to +20 mA 0.0 mA to I mA
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a. Interface Connector

The interfaceconnector fnountedon the printerisa 50-pin AMP
HDP-20. 'vlatingconnectorand pinsare not suppliedwith the printer. An optional
adapter cable isavailable that terminates in a 25-pin AMP HDP-20 connector.

1.12.g Automatic Line Feed

When implemented, thisoption allowsa linefeed to occur upon
detection of a carriage return code at the interface. A line feed code will also
cause a line advance. Implementation of thisoption requires the use of the Option
ConfigurationSwitches.

[.12.9 ElapsedTime Meters

This option providestwo elapsed time meters which enable the
userto ,neasureboth "power on" and "printtime" within+10% accuracy.

1.[2.i0 Rear Forms Loading

The printer may be optionally configured for rear forms loading.
The standard front and bottom forms loading capability will not be affected.

1.12.11 Pedestal

A pedestal is available for those applications requiring a floor-
mounted printer. It is shipped separately from the printer in a disassembled state to

reduce shipping costs and storage space requirements. A shelf is attached to the
rear of the pedestal providing for passive stacking of paper as it exits the printer.

1.12.12 Ground Isolation

The standard printer is shipped with logic and frame grounds
interconnected. If ground isolation is desired, it may be accomplished by removing a
jumper in the power supply.

1.12.13 5even-Bit On!yInterface

This option allows the printer to operate with a controller which
is capable of providing only seven data bits rather than eight bits as required in the
standard interface. When operating with this option, the character set is limited to
96 characters. Implementation of this option requiresthe Option Configuration
Switches.
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SECTION II

THEORY OF OPERATION

2.1 GENERAL

This section describes the functional and logical operations of the printer
system. A description of the input data is provided, followed by two levels of
circuit description: functional and detailed.

2.2 INPUT DATA DESCRIPTION

Data is transmitted from the user system in an 8-bit (7-bit optional)
format. An optional ninth bit, termed PI (paper instruction) is used for coding
certain types of paper motion commands and loading DAVFU format codes.

The DPC Parallel Interface is the standard interface. Three other types of
interfaces are available on an optional basis: the Serial Interface, the DPC
Centronics-Compatible Interface, and the Long Line Parallel Interface. Interface
details are described in paragraph 2.4.

Regardless of the type of interface used, information carried by the data
...._ path includes print characters, ASCII-coded paper motion characters, VFU-coded

paper motion characters, direct access VFU (DAVFU) data, and condensed and
expanded print codes. A fifth type of information, SELECT and DESELECT codes,
is reserved for use by the optional DPC Centronics-Compatible Interface. All print
characters, some of the paper motion characters, SELECT and DESELECT codes,
and condensed and expanded print codes are normally ASCII-coded. As an option)
the user may transmit data in a code of his own choosing. A special code converter
then translates the user-coded data into ASCII characters for internal use. Table 2-
[ lists the ASCII-coded characters recognized by the printer.

2.3 FUNCTIONAL DESCRIPTION

Figure 2-1 is a functional block diagram of the major printer assemblies
and components of the M-Series printers. Note the differJences between the M200
and MI20 printers. The assemblies shown include the Interface CCA, Processor
CCA, Wire Driver CCA, Motor Driver CCA, operator control panel, shuttle servo
motor and encoder, ribbon motor, and printer interlocks. In addition to the standard
components, the printer may include two optional items: the tape controlled
vertical format unit (TCVFU) and the option configuration switches. The following

paragraphs describe the data flow and interaction among the printer components
during different modes and phases of printer operation.

'x
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Il (STATUS)8z(OPTION) '' - SHUTTLE MOTOR

J_ ' I LEFT/RIGHT' _ SERVOI IOP_ [6P
_ co_MN, I

m

; , F'L _coLI SENSORjj _'-_ _ - _ PROCESSOR

STROBE _ _ADDRESS DUCt/ CEA Ct* _ JSTEPPING
/MOTOR

_DEMAND _ MEMR . Z' _, _, PAPER Z.____/_¢'-L-7'''-'%
FEED CZ

·_ONLINE MEMW ¢ 3 ' SYSTEM

--- READY _ RESET' STEP'
PARITYBIT _

(OPTION) _ OSC-Z RIBBON.... MOTOR

PAPER INST, RIBBON RIBBON /_
(OPTION) _ - EN..READER' _ MOTOR (RM)

BUFFER C'LEAR' F _ DRIVE(OPTION) INTERFACE SYSTEM

/T,O, F, _J CCA

(OPTION) I SEE BELOW

_ (OPTION) J I . PRINT I
_PAPER MOVING I i_ _ DRIVER HEAD J'.

(OPTION) ] imooJCCA 2JPARITY ERROR JONLY_"
-- (OPTION)

PAPERLOW I
I

_BAIL OPEN · PRINTER

COVEROPEN' (OPTION) INTERLOCKS

TCVFU

READER CTL (OPTION) J MOTOR

_J OPTICAL ___

TCVFU DAT),,(OPTION). _ TCVFU
E TRRQ (OPTION) READER

__iF 1
*ACTIVE WHEN LOW r ' 1

I_ DRIVER J_ PRINT

,.12oi CCA J I HEAD

Figure Z-1. M-Series Printer, FunctionalBlock Diagram

2-3



TI 6490.20
THEORY OF OPERATION

2.3. i Modes of Operation

The printer operates in four basic modes, as follows:

Initialization

On Line

Self Test

Off Line

a. Initialization (Figure 2-2)

Figure 2-2 is a simplified flow diagram of activities that occur
during the initialization mode of operation. Following power up, the printer enters

the initialization mode of operation. During this mode, the Processor CCA locks the
three-phase stepping motor in phase l, stores the form length select switch (FLS$)
information, reads the 10/16 CPI switch, and monitors the condition of the bail. If
the bail is open, the ALARM indicator on the control panel will be turned on. The
ALARM indicator will remain illuminated until the bail-open condition has been
corrected.

The Processor CCA will then park the shuttle in the home
position. To park the shuttle, the Processor CCA first checks the position of the
shuttle with respect to column 1. If the shuttle is positioned to the left of column 1,
the Processor CCA will signal the shuttle servo circuit within the Motor Driver CCA
(via signals GO/STOP, LEFT/RIGHT) to move the shuttle to the right of column 1.
If the shuttle is not positioned to the left of column I after the power is first turned
on, the Processor CCA will signal the shuttle servo circuit to move the shuttle from
right to left. Then, when column I is sensed, the Processor CCA will signal the
shuttle servo circuit to reverse direction from left to right, and will again stop the
shuttle servo motor to the right of column 1.

Direction of the shuttle servo motor travel and shuttle position is
computed from information supplied by the encoder, which is mounted on the same
shaft as the shuttle servo motor. When the shuttle servo motor travels, the encoder
supplies a continuous stream of four output signals: 10CPI 1, 10CPI 2, 16CPI 1, and
16CPI 2. Only one pair of signals is used at any given time, depending upon the
position of the optional 10CPI/16CPI pitch select switch. When the switch is not
installed, the Processor CCA monitors signals 10CPI i and 10CPI 2. From these, the
Processor CCA computes both direction of shuttle travel and shuttle position.

After the shuttle is parked, the Processor CCA monitors the
position of the on line flip-flop. If the on line flip-flop is reset, off-line operations
are performed. If the on line flip-flop is set, the position of the self '_.s" switch is
monitored. Assuming that the self test switch is off, the printer interlocks are
monitored for an out-of-paper condition. If the printer is out of paper, a paper
empty status word is sent on the data bus to the control panel along with the
DISPLAY LD signal. This will cause the optional status indicator to display a two-
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digit number that corresponds to the out-of paper condition. In addition, when an
out-of-paper condition has been detected, a PE error signal is sent to the Interface
CCA via the data bus, and the ALARM indicator on the control panel turns on.

After the out-of-paper condition has been eliminated, or if no
out-of-paper condition existed in the first place, the READY and ON LINE signals
are sent to the Interface CCA, and the ON LINE indicator is turned on. The
Interface CCA then raises the READY and ON LINE signals to the user system.

b. On Line (Figure 2-3)

Figure 2-3 is a simplified flow diagram of the activities that -
occur during the on-line mode of operation, which include:

Load Buffer Cycle

Buffer Interrogate Cycle

Position Seek Cycle

Print Cycle

Paper Motion Cycle

The first event in the on line mode of operation, the load buffer
cycle, is initiated when the Processor CCA transmits a load buffer signal to the
Interface CCA and ends when the Interface CCA returns a buffer full signal. Along
with the load buffer signal, the Processor CCA sets a load window timer. If the
buffer full signal is returned before the timer expires, the Processor CCA will reset
the load buffer signal, interrogate the line buffer, enter the position seek cycle,
execute the paper motion command, and will then enter the print cycle. If the
timer expires be/ore the buffer full signal is received, the Processor CCA will stop
the shuttle, execute the paper motion commands, and then wait for the buffer full
signal. Upon receipt of the buffer full signal, the Processor CCA will reset the load
buffer signal, interrogate the buffer, enter the position seek cycle, and enter the
print cycle.

1. Load Buffer Cycle - Once initiated by the Processor CCA,
the load buffer cycle is under control of the Interface CCA and is used to load user
data into the line buffer. Typically, the user will transmit one line of 132 print
characters, followed by a paper motion (control) character. Receipt of the paper
motion character terminates the load buffer cycle, causing the Interface CCA to
transmit the buffer full signal to the Processor CCA. In standard printers, each
character is requested and strobed on a demand/strobe basis, transmitted over the
eight data lines, and stored sequentially within the line buffer. In those printers
configured with either the optiona' Serial Interface CCA or optional DPC
Centronics-Compatible Interface CCA, communication and character transmission
are as described in paragraph 2._.

f
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2. Buffer Interrogate Cycle - During this cycle, the Processor
CCA examines the contents of the line buffer one character at a time, starting with
the last character loaded, and in a descending order. Each character found to be
valid is restored to its original form. Non-printable characters are replaced by a
question mark. Parity errors are replaced by a space code in the standard printer,
and by a dollar sign in printers configured with a Serial Interface CCA. At the end
of the buffer interrogate cycle, the paper motion character, thebuffer address of
the end of the line, and the buffer address of the beginning of the line are stored
within the Processor CCA..

3. Position Seek - Cycle - The position seek cycle is used by _he
Processor CCA to compute the print direction of the i/ne of data received during
the preceding load buffer cycle. To accomplish this) the Processor CCA first
determines the current position of the shuttle. This information) along with the
beginning and end of line information obtained during the buffer interrogate cycle,
is then used to determine the most efficient direction for printing the upcoming
line.

4. Print Cycle - The print cycle consists of three interrelated
operations: shuttle moii0n, printing, and ribbon motion. Once started) shuttle
motion is normally a continuous activity) lasting for the duration of the printing
operation. Shuttle motion is under control of the Processor CCA. The Processor
CCA uses the GO/STOP and LEFT/RIGHT signals along with 10P/16P to control the
time, direction) and rate of shuttle travel to the shuttle servo circuit. In turn, the
shuttle servo circuit supplies driving power accordingly to the shuttle motor.
Exception: if more than one line of paper advance is executed, or if the buffer full
signal from the Interface CCA is received after the load window timer has expired)
shuttle motion will be interrupted and the shuttle will be stopped in its present
position.

Printing involves converting the ASCII-coded print characters
stored in the line buffer into dot patterns, and then selectively firing the print wires
in the left and right wire columns of the print head. Assume that the computation
made during the position seek cycle has resulted in a left to right print direction.
Accordingly) the Processor CCA accesses, via the data bus) the first valid print
character stored in the line buffer. Within the Processor CCA, the ASCII-coded
character is converted into seven distinct dot patterns)one for each character
column) and three blanks. !The three blanks account for the intercharacter spacing.
When the print head reaches the position where the first character is to be printed,
the Processor CCA) via the Wire Driver CCA) selectively fires the print wires of the
left and right wire columns. This procedure is repeated for each character until all
valid print characters currently stored in the line buffer are printed.

Figure 2-15 is an example of a typical print sequence
character in a line consisting of 14 print characters and a paper motion character.
The first character in the liner the letter "F") is in buffer location 52) the last
character, the letter "W" is in buffer location 65) and the control code is in buffer
location 66. Direction of print is from left to right) determined during the position
seek cycle. Accordingly) printing starts when the shuttle reaches character column
52) and the first character to be printed is the letter "F". Similarly) printing stops
in column 65 with the letter "W". Note that when print direction is from right to _
left_ printing starts with the letter "W" and ends with the letter "F".
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Cha_acter conversion and dot pattern generation in the M200
printer is implemented by a! character generator ROM. As shown in figure 2-5, each
of the 12g valid characters is assigned sixteen g-bit ROM locations: eight locations
for the right wire column, and eight locations for the left wire coiumn. Only seven
of the eight locations contain dot information; the eighth location is blank and forms
one of the three intercharacter spaces. Information contained in a given location
and identified in figure 2-5 by the letter "X" determines whether or not a dot is to
be printed. Since there are only seven wires per wire column, bit 8 is always a
blank. Each time a character is accessed from the line buffer, its ASCII code is
used as a general address, pointing to eight locations within each half of the
character generator ROM.; One of eight locations is then selected by the column
counter, a t-bit BCD counter. When printing from left to right, the column counter
is incremented from 0 to 9 with each encoder mark derived from the 10CPI 1/10CPI

2 (or 16CPI 1/16C_I 2) output of the encoder. Similarly, when printing from right to
left, the column counter is decremented from 9 through 0 with each encoder mark.
To account for the two additional intercharacter spaces (the other space is obtained
from the blank column of the character generator), the character generator is not
accessed. Instead, blanks are generated during counts g and 9 of the column counter
when printing in either direction.

In the MI20 printer, the print head has only one print column
consisting of seven wires. Nevertheless, the character generator ROM is structured
the same way as in the M200 printer; i.e. each valid character is assigned eight ROM
locations for the right wire column, and eight ROM locations for the "left" wire
column. Since there is no actual left wire column, information obtained from the
left portion of the character generator is, under software control, automatically
assigned to circuits controlling the right portion of the wire driver circuits.

Figure 2-6 is a simplified flow diagram of activities that
occur during the print operation. For initial conditions, assume that the line buffer
contains ten valid print characters in the first ten locations of the line buffer, that
the column counter is at count 0, and that print direction is from left to right.
When the first character is accessed from the line buffer, its ASCII code is
combined with the dot column counter count to form a ROM address. This address

is then used to access the character generator ROM to obtain the dot pattern of the
first column of the first character. Next, the encoder mark is monitored. When the
encoder mark occurs, the print wires are fired in a pattern corresponding to the
pattern of dots contained in the addressed ROM location.

After the first column of the first character has been

printed, and because the print direction is toward the right, the column counter is
incremented to I. Next, the column counter is tested for the counts of 0, g_ and 9.
Since the count is l, the sequence returns to access another location in the
character generator ROM. Since the ASCII code did not change, the new location
will contain the dot pattern for dot column 2 of character 1. After dot column 2 of
character 1 has been prig*ed, five more passes are made through the character
generator ROM, printing dot columns 3 through 7. When the dot column counter
reaches the count of 7, another pass is made through the character generator ROM.
This time, no printing will occur, leaving column g of the first print character blank.
On the counts of $ and 9, the character generator is not accessed_ and blanks are
inserted in dot columns 9 and 10 of the first character.
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When the column counter is incremented from 9 to 0, the
character counter is incremented, and a new ASCII-coded character is accessed
from the line buffer. The entire sequence is repeated nine more times until all ten
valid print characters are printed.

When printing from right to left, both the character counter
and dot column counter start at the highest count, and are decremented during each
applicable pass. Since the dot column counter is initially at 9, a blank is generated
immediately , and also during the next pass when the dot column count is at the
count of 8. On the count of 7, the charac*.er generator is accessed for the first
time. When the dot column counter recycles from 0 to 9, the character counter is

--- decremented and a new ASCII character is accessed. The print operation ends when
the first and final character is printed. In all other respects, the sequence of events
is the same as that of the left-to-right print operation.

Ribbon motion is initiated by the Processor CCA at the start
of the print cycle through the ribbon drive system of the Motor Driver CCA, turning
on the ribbon motor. Once started, ribbon motion is continuous for the duration of
the print operation. Exc_: as in the case of the shuttle motion, when the load
buffer time exceeds the load window, ribbon motion is stopped and resumed at the
start of the next print cycle.

5. Paper Motion Cycle - During the paper motion cycle, the
command contained within th e previously stored paper motion character is now

....' executed. To do so, the Processor CCA decodes the paper motion character, and
accordingly issues a series of stepping motor phase and step signals to the Motor
Driver CCA. In turn, the Motor Driver CCA generates a series of stepping motor
power signals. These signals are transmitted to the stepping motor, causing paper to
advance a fixed number of lines (or one line).

c. Self Test

The self test feature provides the means of testing the printer
under dynamic conditions. It operates with the printer on line and in the test mode
(self test signal supplied by the control panel to the Processor CCA). However, the
printer does not communicate with the user system. Instead, a fixed pattern of
print and control characters is obtained from a memory area within the Processor
CCA. In all other respects, the self-test operation is identical to a normal on-line
operation. Once started, printing is automatic and continuous for 264 lines. After
printing stops, the printer goes off line. To resume test operatiohs, the operator
must press the ON LINE switch on the control panel.

d. Off Line

When the printer is off line, the Processor CCA routinely checks
the state of the various .:oLtrol panel switches. Two operations may be initiated at
this time: paper step, and top of form. When the operator presses the PAPER STEP
switch, signal PAPER STEP SW is applied to the Processor CCA. In turn, the
Processor CCA, through signals 04 02, 03, and STEP, turns on the stepping motor
and causes paper to advance a single line. Similarly, when the operator presses the
TOP OF FORM switch, signal T.O.F. SW causes the Processor CCA to turn on the
stepping motor until the paper reaches the top of the next form. Pressing and
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holding of either the TOP OF FORM or PAPER STEP switch will cause paper to
advance continuously. To prevent the ribbon from smearing the paper, the ribbon
drive system is active during the top of form operation.

2.3.2 OptionalPrinter Features and Components (Figure 2-1)

Optional printer components depicted in figure 2-1 and discussed
in this paragraph include the Tape Controlled Vertical Format Unit (TCVFU) and the
Option Configuration S_itches. An optional feature, the Direct Access Vertical

Format Unit (DAVFU),[not shown in figure 2-1, is also discussed here. For a

complete list of print options, refer to section I of this manual.
/

a. Vertical Formatting

Printers equipped with either a TCVFU or DAVFU option can
accept a group of paper motion characters termed vertical format or VFU. These
characters are not ASCII coded, but are accompanied by the optional print
instruction signal PI. Upon recognition of the PI-coded paper motion character, the
printer advances paper according to a pattern stored in the VFU area of the line
buffer within the Interface CCA.

There are two categories of VFU-type paper motion characters,
tape channel , and step count, as specified by bit 5 of the character. When bit 5 is a
zero, paper is moved to a tape channel number specified by the value field encoded
within the four least significant bits of the character. When bit 5 is a one, paper is
advanced a number of lines encoded within the value field. Table 2-2 lists the
binary codes used to transmit vFu-type paper motion characters.

b. TCVFU

The TCVFU option consists of an optical reader and motor. VFU
information contained on the tape is loaded during the off line mode into the VFU
area of the line buffer. Once loaded, the Processor CCA reads the VFU information
directly from the line buffer, and the TCVFU becomes inactive. Note that the
TCVFU option must be enabled by one of the option configuration switches.

To load VFU information from the tape to the line buffer, the
operator first places the printer off line. Next, the operator presses a start switch
on the optical reader, generating tape request signal TRRQ. Signal TRRQ is
channelled through the Interface CCA and DBUF da.a bus to the Processor CCA. In
response, the Processor CCA returns signal READER CTL through the data bus and
Interface CCA, turning on the TCVFU motor. While the motor is running, TCVFU
data is routed through the Interface CCA and over the data bus, one byte at a time,
to the Processor CCA. From there, the TCVFU data is routed over the data bus and
loaded in the line buffer.i When all lines of the TCVFU tape are read and loaded, the
Processor CC t_ al;sables the READER CTL signal, turning off the TCVFU motor.
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TABLE 2-2. VFU-TYPE PAPER MOTION CHARACTERS

Code Command

b8 bTb6 b5 b_ b3 b2 bi PI Description Group

X 0 0 0 0 0 0 0 I Move paper to Channel 1
X 0 0 0 0 0 0 I I Move paper to Channel 2
X 0 0 0 0 0 I 0 I Move paper to Channel 3
X 0 0 0 0 0 1 I I Move paper to Channel
X 0 0 0 0 i 0 0 i Move paper to Channel 5

'-- X 0 0 0 0 I 0 I I Movepaper to Channel 6 TapeChannel
X 0 0 0 0 I 1 0 I Move paper to Channel 7
X 0 0 0 0 I I 1 I Move paper to Channel g
X 0 0 0 i 0 0 0 1 Move paper to Channel 9
X 0 0 0 i 0 0 I I Move papertoChannelI0
X 0 0 0 [ 0 1 0 1 Move paper to Channel 1!
X 0 0 0 I 0 I I I Move paper to Channel 12

X 0 0 1 0 0 0 0 I Move paper 0 line
X 0 0 i 0 0 0 i I Movepaper I line
X 0 0 I 0 0 I 0 I Move paper 2 lines
X 0 0 I 0 0 I I 1 Movepaper 3 lines

' X 0 0 I 0 I 0 0 i Move paper _ lines
..... X 0 0 I 0 1 0 1 I Move paper 5 lines

X 0 0 -I 0 1 I 0 I Move paper 6 lines
X 0 0 I 0 I I I I Move paper 7 lines Step Count
X 0 0 [ I 0 0 0 I Move paper 8 lines ·
X 0 0 1 I 0 0 I I Move paper 9 lines

i

X 0 0 I I 0 I 0 I Move paper 10 lines
X 0 0 I I 0 I I I Movepaper 11lines
X 0 0 I I I 0 0 i Movepaper 12lines
X 0 0 I I i 0 I I Movepaper 13lines
X 0 0 1 I I I 0 I Move paper 14 lines
X 0 0 I I 1 I I I Movepaper 15lines

X = Don't Care condition

c. DAVFU

Printers equipped with a DAVFU option are loaded with vertical
format data by the user. DAVFU data, like print and paper motion characters, is
transmitted over the g-bit data path on a time-shared basis. The first character in a
DAVFU stream is the DAVFU start code, which signifies that the next block of
characters contains DAVFU tape channel information. The last character in a
DAVFU stream is a DAVFU stop code, ,-,hich marks the end of the DAVFU
transmission cycle. DAVFU data is transmitted in pairs of characters. Therefore,
the total DAVFU character count must always be even; an odd number of characters
is interpreted by the printer as a DAVFU error.
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d. Option Configuration Switches

The option configuration switches provide a means for configuring
the printer with available options. Information from the option configuration
switches is supplied on a 16 bit bus to the Interface CCA. Part of the information is
used internally by the Interface CCA, while the remainder is routed over the data
bus to the Processor CCA. Periodically, the Processor CCA examines the
information supplied by the option configuration switches and accordingly, decides
the manner in which data is to be processed.

2.4 INTERFACE DESCRIPTION

The standard M200 printer is designed to operate with a DPC Short Line 8-
bit (seven bits optional)Parallel Interface CCA, and is configured with a DPC
Parallel Interface CCA as depicted in figure 2-1. As an option, the printer can be
configured to operate with a Serial Interface, with a DPC Centronics-Compatible
Interface, or a DPC Long-Line Parallel Interface. To implement either option, the
standard DPC Parallel Interface CCA is replaced with the applicable Interface
CCA.

The Processor CCA cannot distinguish between a DPC Parallel Interface
CCA and a Serial Interface CCA. Both CCAs connect to the Processor CCA through
the same data and address buses and have identical bit assignments within the buses.
Connections between the DPC Centronics-Compatible Interface CCA and the
Processor CCA are also made through the same buses as the DPC Parallel and Serial
interfaces. However, a selected number of bits have been assigned different
functions to accommodate the special needs of the DPC Centronics-Compatible
Interface.

Figure 2-7 shows the data and address buses that connect between the
Processor CCA and any Interface CCA, and circuits that are common to any
Parallel Interface CCA; the Serial Interface CCA uses a somewhat different
scheme, and is described in detail in paragraph 2.0.2.

Also shown are the bit assignment differences between the DPC
Centronics-Compatible Interface CCA and the other Interface CCAs. Information
between the Interface CCA and Processor CCA is exchanged over a single g-bit data
bus DBUFI-DBUFg, buffered in the first bi-directional I/O port and then divided
into three time-shared groups. One group is channeled by the second bi-directional
I/O port, and includes all I/O data such as print, DAVFU, TCVFU, VFU, etc. The
second and third signal groups are channelled, respectively, by the interface control
latch and interface information latch, and together fr, rma two-way communications
path. The interface control latch stores input si nals supplied by the Processor
CCA, while the interface information latch stores output signals destined for the
Processor CCA. Note the differences in bit assignments between the DPC
Centronics-Compatible Interfac_ CCA and the two DPC Interface CCAs. For

example, bit 6 of the int_erface control latch is used for "paper moving" status with
DPC-type interfaces, but it indicates a fault condition (LD) to a DPC Centronics-
Compatible Interface. To differentiate between the two types of interfaces, the
Processor CCA monitors bit g of the information latch; bit g is at ground level in
the DPC Centronics-Compatible Interface CCA, and at +SV in the other two
Interface CCAs.
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In addition to the data bus, the Processor CCA supplies a 15-bit address bus
(bit ADRI0* is not used), along with signals MEMW and MEMR. Bits ADRIi _-
ADR15 _ are resolved in the chip select logic into chip select signals CSI-CSS, and
are used within the Interface CCA to multiplex different devices that share a
common data bus. Table 2-3 lists the function of each chip select signal.

TABLE 2-3. CHIP SELECT FUNCTIONS

[ Binar 7 Address
Signal A15 Al4 Al3 Al2' ' Al l Function

CS1 I 0 0 0 0 Allowsthe Processor CCA to write
into or read from the line buffer.

CS2 [ 0 0 0 I Allows the Processor CCA to read
the last line-buffer address.

C53 I 0 0 I 0 Allows the Processor CCA to write
into the interface control latch.

CSO 1 0 0 I I Allowsthe Processor CCA to read
--_ the upper TCVFU bits.

CS5 I 0 [ 0 0 Not used.

CS6 I 0 t 0 I Allows the Processor CCA to read
the interface information latch.

C57 I 0 I I 0 Allows the Processor CCA to read
the lower TCVFU bits.

C58 1 0 I I I Allows the Processor CCA to read

the option configuration switches.

Signals MEMW and MEMR specify the direction of the data flow. Address
bits ADR0* - ADRg* are used to specify the line buffer (not shown in figure 2-7)
location when accessed by the Processor CCA.

The following paragraphs provide detailed information on each of the three
Interface CCAs.
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2.4.1 DPC Parallel Interface (Figure 2-8)

NOTE

The following functional description applies to the
standard, Short Line DPC Parallel Interface CCA,
referred to as the Parallel Interface CCA in the

followingdiscussion.Except foradditionalinput
differential drivers and receivers, this description
alsoappliesto the optional,Long Line DPC Parallel
Interface CCAi

--.,

The ParallelInterfaceCCA is designed to enable parhlleldata
transfer between the user system and the Processor CCA. In addition, the Parallel
Interface CCA provides the Processor CCA with information concerning print
density,parityerrors,system faultindications,on line/offfineacknowledgement,
and line buffer status.

a. Data Transfer Modes

Data transfer between the user system and the Parallel Interface
CCA may be performed in two modes: normal, or fixed pulsed strobe mode. See
figure 2-9 for the parallel interface timing relationships.

1. Normal Mode - In the normal mode of data transfer a
_ demand/response or handshake technique is used which is initiated as follows: the

Processor CCA generates clock signal O5C2. While the O5C2 clock is operating,
the Processor CCA raises signal READY, fed out of control latch U33 under the

control of signals C53'* and MEMW *. When signal READY is high, the Processor
CCA raises signal ON LINE, also fed out of control latch U22.

Next, the Processor CCA initiates the data transfer by
raising LOAD BUFFER, also fed out of control latch U33. At this time, the Parallel

Interface CCA interface communications circuit generates signal DEMAND during
the trailing edge of clock O5C2. While signal DEMAND is high, signal USER
DEMAND is raised. The user system is requested to transmit signal DATA STROBE,
which is raised at the same. time that print data characters or paper motion
characters (represented by data bits DATA01 - DATA0g) are received on the leading
edge of clock O5C2. Signal DATA STROBE clocks an internal strobe signal
STBINT *, which goes low at the same time that signal DATA STROBE goes high.
Signal STBINT *_ affects the operation of the WRITE _ signal and the loading of the
line buffer, discussed in subsequent paragraphs.

2. Fixed Pulse Strobe Mode - The fixed pulse strobe mode of
data transfer is similar to the normal mode, with one exception: when the printer
raises DEMAND to request dat_, the user may respond by pulsing and dropping the
DATA STROBE signal. This way, DATA STROBE drops while DEMAND is still high;
i.e., before the character is stored in the line buffer. In such cases, the Interface
CCA acknowledges DATA STROBE immediately to the user, but also generates a
strobe signal for internal use termed STBINT *. This strobe signal is delayed until
DEMAND drops; i.e. until the data character is stored in the line buffer.

--_..__
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i
b. Chip Select Signal Generation

I

Chip select signals CSl* through CS4' and CS6' through CSg*
are generated by chip select generator U22 from the five most significant bits of
the Processor CCA's address input, ADRII-ADRIS. These signals, in combination
with MEMW and MEMR, are used to selectively enable different devices throughout
the Interface CCA. Refer to table 2-3 for the function of each chip select signal.

c. User Input Character Transfer

Print, paper motion, or tape channel characters are obtained from
the user on data bits DATA01-DATA08, routed through data inverter U36/U29 and
data driver U_2, and str0bed into data latch Uq3 by signal data STD. From data
latch Ug3 the character is transferred to one of two destinations: ASCII driver Uq5
and code converter MEMI.

Assumei first that code conversion was not selected (signal code
CONV* inactive). Accordingly, ASCII driver U_5 is enabled and MEMI is disabled,
and the character is routed in its original form to data bus DB I-DBg. The
expression LOAD.PARITY FLT* specifies that the data transfer occurs during the
load cycle only, and that no parity error exists. Characters with a parity error are
replaced by a blank, implemented in a circuit not shown in figure 2-8.

If code conversion is selected (CODE CONV* active), the
characters are transferred to an optional code converter PROM, MEMI, which
encodes the characters into an equivalent ASCII format. While MEMI is enabled
ASCII driver U45 is disabled. The output of either ASCII driver U45 or code
converter MEM1 is fed into the line buffer locations specified by address bits 1
through l0 obtained from address counter driver U55.

d. Line Buffe r .Operation

Line buffer U39/Ug7 is a IK by 8 RAM used to store ASCII-coded
print data and vertical format data characters. Data may be written into the line
buffer by either the Processor CCA or Parallel Interface CCA. Data is read out of
the line buffer only by the Processor CCA. The Parallel Interface CCA may write
into the line buffer, by using signal WRITE for enabling purposes. The Processor
CCA may write into the line buffer by using signals CSI, LOAD* and MEMW, and
may read from the line buffer by using signals CSI, LOAD*, and MEMR. The term
LOAD* prevents the processor from accessing the line buffer while it is being
loaded with user data. Data between the processor and line buffer is routed through
bus DBUFI-DBUFg, first interface port U57, and second interface port uqg. Port
U57 is enabled by the expression ADRI5 (MEMR + MEMW), where MEMR and MEMW
control direction of data Iflow. When MEMR is active, data flow is from the line
buffer to the processor, and vice versa. Port Uq9 is controlled by the expression
(CSI* + CS2') MEMI '. Here too, the state of MEMW* controls direction of data
flow. When MEMW* is active, data flow is from the processor to the line buffer.

When loading user data, nine of the ten line buffer address bits
are supplied by the character counter on lines ACBITI - ACBIT9 through address
count driver US_. The tenth address is obtained from U31/U23. When the line
buffer is either read or written into by the Processor CCA, addressing is controlled -_-
by Processor address bits ADR0* - ADRg*, through Processor address port U56.
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1. Line Buffer Loading; Completed- After loading a line of print
data into line buffer U39/Ug7, the user system must send a paper motion control
code to terminate that line. Control code decoder MEM2 issues signal CONTROL
CODE*) causing the interface communication circuit to generate signal BUFFER
FULL*. Signal BUFFER FULL is routed through processor interface status latch
U_0 to bus DBUF1-DBUFS, thereby informing the Processor CCA that the load
operation has been completed.

2. Line Buffer Interrogation - In order to read from the line
buffer memory locationS_ the PrOCeSSOr CCA must determine the beginning and end
of the line just store_l. To do so) The Processor CCA first reads the current address
counter count, using the expression C52' to enable both address count driver U55
and current address pointer U_g. Since the last character location on a line of print
is the paper motion control code, the Processor CCA knows where the end of the
line is.

3. Line Buffer Addres s Countln_ - Character Counter U3#
provides the location address for the line buffer when loading user data. A line may
have up to 132 print characters and one control code. Character counter US# is a 9-
bit binary counter which is cleared by signal LOAD BUFFER* when low. Provided
that signals 220CNT*, DAVFU FAULT* and CNT DIS* are high_ signal DEMAND
will initially preset the address counter to a count of one before the user input
character .is received (signal DATA STROBE not raised yet). Each time that signal
DEMAND is ralsed_ the address counter will be incremented by one count.

Figure 2-10 is a memory map of line buffer U39/U_7.
Location 0 is used for Processor CCA testing. Locations i through 222 are
dedicated for print data and format control characters. Locations 223 through 511
are not used. Locations 512 through 1022 are dedicated for TCVFU or DAVFU
characters. Note that the actual print data and format control character location is
dependent upon the print density in use. If normal printing is used, 132 print data
characters plus one paper motion control code character will make the maximum
characters (total characters per line to be printed) total 133. If optional expanded
printing is used) the maximum number of characters will be 67. For optional
condensed printing) the maximum number of characters will be 221.

The maximum number of print data characters per line may
not always be used. A terminating code is sent by the user system whenever a line
of print data is completed_ and that code will add one additional character to the
total character count. For example, if in the normal printing mode 70 print
characters were sent by the user system, a total count of characters would be 71.
Total memory space allotted for TCVFU or DAVFU characters is 512, spread over
locations 5/2 through 1023. Not all locations are used.

q. Maximum Count - The DPC Short-Line Parallel Interface

CCf, can accept a maximum of 220 print characters per line_ and a maximum of 510
DAVFU characters per DAVFU load operation. Characters beyond the number of
220, or 510 when loading DAVFU data, are not registered. This function is
implemented by top count decoder MEM3, a 256xq PROM. MEM3 monitors the
address counter bits ACBITI-ACBIT9 along with signal DAVFU*/PRINT. When
signal DAVFU*/PRINT is high_ MEM3 generates signal PRINT TOP COUNT when
the count reaches 220. Similarly_ when signal DAVFU*/PRINT is low,
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MEM3 generatessignalDA TOP COUNT when the count reaches 510. These top
count signals prevent the excess characters from being written into the line buffer
by inhibiting WRITE. In addition, these top count signals,through signal 20CNT*,
disable the input to character counter U54.

5. DAVFU Fault Sigtnal Generation - DAVFU fault signal is
generated by fault detector OlD under one of three conditions:

Excessive number of characters
iOdd Number of characters

Parity error (if parity option is installed).

6. DAVFU Character Storage - DAVFU Characters are stored in
the upper half of the line buffer storage area, locations 512 through 10_2. To this
end, circuit group U31/U23 monitors signal DAVFU*/PRINT. When signal
DAVFU*/PRINT is low, indicating that the printer is receiving VFU tape channel
characters, U31//U23 drives the most significant line buffer address bit high. With
the most significant addre4s bit high, the lower half of the line buffer locations is
disabled.

e. Parity Checking

When optional parity checking is enabled, the user system adds a
parity bit to the complement of data bits and PI bit, if any. Parity checker U#4/U2
monitors the odd/even content of the character bits along with the parity bit. If the
content is different from that specified by odd/even parity selection signal PARITY
O*/E, two Signals are generated: PARITY FAULT, and PARITY ERROR. Signal
PARITY FAULT is used in ASCII driver Ug5 to replace the character that caused
the fault with a blank. Signal PARITY ERROR is transmitted as a status signal to
the user. In addition, it is used to set fault detector flip-flop Ui0. Note that signal
PARITY FAULT is either set or reset once per character, whereas signal PARITY
ERROR is reset once per line.

f. TCVFU Operation

The TCVFU option allows vertical format data from a punched
paper tape to be routed to the Processor CGA. Data is routed from TCVFU ports
U34/U¢I through first interface port U57 and over the DBUFI - DBUFg bus. Since
there are 12 TCVFU data channels plus a TRRQ (Tape reader request) channel, the
Processor CCA must read each TCVFU character in two steps. Lower TCVFU

channel signals CHI - CH6, plus CHI3, (representing a sprocket clock), and TRRQ
(Tape reader request) arel routed through lower tape channel port U34. Upper
TCVFU signals CH7 - CHI2 are routed through upper tape channel port U#I. The
Processor CCA utilizes chip select signals CS7' and CS#* to access TCVFU data.
However, to transfer the TCVFU data from the tape reader to the Processor CCA,
the printer operator must press the READ pushbutton located on the tape reader.
This actior se_ds the TRRQ signal to the Processor GCA via the DBUFI - DBUFg
bus U23 and over the DBUFI - DBUFg bus. The Processor CCA, in turn, activates
the TCVFU motor.

Each time the Processor CCA reads a TCVFU character off the

tape, it stores it in the VFU portion of the line buffer within the Interface CCA.
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When all TCVFU characters have been read once and stored, the Processor CCA
performs another complete read operation. This time, each character read from the
tape is compared against the same character stored during the first read operation.
If all characters compare, the TCVFU load operation is complete. If a mismatch
occurs in at least one character portion, a third read operation is performed and
compared against the contents of the VFU memory stored during the second read
operation. If necessary, a fourth or fifth read operation is performed until two
successive read operations match. If no comparison is obtained within five read
operations, the TCVFU load operation is aborted and the number i0 is displayed on

...... the optional status display.

Unlike the loading of DAVFU characters, the printer must be off
line while loading TCVFU characters, and while all handshaking ooerations are
inactive.

2.4.2 Serial Interface CCA (Optional)

The Dataproducts Serial Interface CCA is designed to accept data
from the user system in serial form, convert it to parallel form, and then to transfer
the converted data to the Processor CCA. The following paragraphs describe the
interface considerations between the Serial Interface CCA and the user system, the
serial interface hardware, data management, and sequential operation.

a. Interface Considerations

Two types of serial data transmission can be accommodated by
the Serial, Interface CCA: R5232C, and 20 mA Current Loop. A selector switch
within the Serial Interface CCA selects either type.

1. R5232C - In this type of serial interface, discrete voltage
levels are used for transmitting data as well as for interface communication. A
signal is ON or SPACING when its voltage level is more positive than +3V; a signal is
OFF or MARKING when its voltage level is more negative than -3V. The data bits
are Iow true.

2. 20-mA Current Loop - In this type of ,serial interface, data
and communication signals are transmitted by means of two current loops: receive
and transmit. The receive loop is made up of a two-wire (RxD+, RxD-) current
source supplied by the user to the Serial Interface CCA. Within the Serial Interface
CCA, the two wires of the receive current source are terminated in a current-
sensing device.

The transmit current loop is controlled by the printer and
terminated in a current-sensing device at the user end. Its purpose is to provide the
user with printer status information. The presence of current in the transmit loop
indicates that the printer is able to receive data. The absence of current in the
transmit loop indicates that the printer is busy.

2-27



TI 6490.20

THEORY OF OPERATION

b. Interface Signals

Table 2-g lists and defines the interface signals connected
between the Serial Interface CeA and the user for both RS232C and current loop
systems. Pin assignments are given for a standard 50-pin connector. Pin
assignments for the optional 25-pin connector are given in section IV of the
MI20/M200 UserWs Guide, DPC 25517t_.

TABLE 2-/_. SERIAL INTERFACE 50-.PIN AMP CONNECTOR
PIN ASSIGNMENTS

I
Pin Signal Definition

39 (AB) Signal i Ground - This conductor establishes the common
ground reference potential for all interface Circuits.

16 (AA) Protective Ground - This terminal can be connected to
signal ground (AB) via a capacitor.

22 (BB) Received Data - This user-generated signal transmits all
print, format and control code information to the printer.
This signal will only be looked at when the following signals
are in the ON condition: ,f.

Data Terminal Ready
Data Set Ready (Optional)
Received Line Signal Detector (Optional)

7 (CD) Data Terminal Ready - DTR - This printer-generated signal
indicates that the printer is able to receive data. This
signal is on when:

I , Printer power is on
No printer faults exist
Printer is on line
Printer buffer is not full

If the DTR signal goes off due to a PAPER OUT condition,
it is possible that valid data may still be stored in the print
buffer. In order to print the remaining data, paper must be
reloaded and the on line mode re-entered via the ON LINE

control panel switch. Any data remaining in the buffer will
be printed and the printer will receive more data as soon as
the DTR signal goes on.

5, 3 (BUSY) Busy - This printer-generated signal is used to send status
to the user. BUSY will be in the on condition whenever:

Data Terminal Ready is in the off condition, f
The print buffer is more than 3/4 full.
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TABLE 2-4. SERIAL INTERFACE 50-PIN AMP CONNECTOR
PiN ASSIGNMENTS (Contd)

Pin Signal Definition

5, 3
Contd (BUSY) Data loading can continue after the BUSY signal goes

active; however, any data transmitted after the buffer is
.... full will not be stored in the printer and the DTR signal

will go off.

27 (RxD+) Receive Data Plus - This user-generated signal transmits
all print and control code information to the printer.
This pin is positive with respect to (RxD-) when loop
current is flowing (marking). This signal also indicates
the status of the user equipment. Current is to be
maintained in the loop, except while data is being
transmitted, to indicate that the user equipment is in a
ready condition. The absence of loop current for the
period of one full transmission character will be

.... interpreted by the printer as BREAK, indicating that the
' user equipment is not in a ready condition.

11 (RxD-) Receive Data Minus - This signal is the current loop
return for Receive Data.

20 (TxD+) Transmit Data Plus - This printer-generated signal

indicates that the printer is able to receive data.
Current is allowed to flow in the transmit loop when:

Printer power is on
No printer fault exists
Printer has been placed on line
Print buffer is not full
Printer is not BUSY

This pin is positive with respect to (TxD-) when loop
current is flowing (READY).

4 (TxD-) Transmit Data Minus - This signal is the current loop
return for Transmit Data.

6 (CC) Data Set Ready - This user-generated signal indicates
the status of the user equipment. The off condition of
the DSR signal indicates that the printer must disregard
signals on the other interface lines. The on condition
indicates that the user equipment is in a ready condition.
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TABLE 2-_. SERIAL INTERFACE 50-PIN AMP CONNECTOR
PIN ASSIGNMENTS (Contd)

Pin Signal Definition

23 (CA) Request to send - This printer-generated signal is held in
the off _condition to maintain the printer in the receive-
only mode.

$ (CF) Received Line Signal Detector - This user-generated. I ·
s_gnal, when m the on condition, indicates that the data
communication equipment is receiving a signal (from the
signal source) which meets its suitability criteria. These
criteria are established by the data communication

i equipment manufacturer.

9 (CB) Clear to Send - This user-generated signal indicates that
the user system is ready to receive data.

21 (BA) Transmitted Data - This printer-generated signal transmits
control information to the user system. The printer cannot
transmit unless an on condition is present on all the
following signals:

(1) Request to Send (CA (2) Clear to Send (CB) (3) Data Set
Ready (CC) (4) Data Terminal Ready (CD)

2_ (CE) Ring Indicator - This user-generated signal indicates that a
ringing signal is being received by the printer. When this
signal is in the on condition, it will activate the Data
Terminal Ready line on the first ring. The printer must be
powered up, ready, and on line.

c. Hardwa.re Description (Figure 2-11)

Figure 2-11 is a block diagram of the circuits which implement
the Serial Interface CCA, including microprocessor chip UI. USART chip U29, input
buffer US-UI7, print buffer U I0-U l 1, and associated devices and logic circuits. The
Serial Interface CCA performs three main functions:

Converts :serial data of either the R5232C or Current Loop type

into para, lei form.
[

Processes and stores the converted data, and upon request,
transfers it to the Processor CCA.

Channels, but does not process, data from the optional TCVFU
reader and the option configuration switches to the Processor
CCA.
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1. Control - Operation of the Serial Interface CCA is under
control of two processors: internalt and external. The internal processor, hereafter
referred to as the interface processor, is comprised of microprocessor chip U1,
system controller chip U2g, and clock generator chip U#4. The external processor,
hereafter referred to as the print processor, in general refers to the Processor CCA.

Each processor has an 8-bit data bust an 16-bit address bust
and memory-write and memory-read control signals. Each 16 bit address bus is used
to select a device from the complement of input/output devices connected to it

.... and, where applicable, to specify the location within the selected device. The 8-bit
data bus throughputs data between the applicable processor and the selected device.
The memory-write and memory-read signals specify the direction of the data flow.

For example, when the print processor intends to transmit
data to one of the devices within the Serial Interface CCA, it first places data on
bus DBUF1-DBUFg. Then_ it activates control signal MEMW, deactivates control

signal MEMR, and places the address of the applicable device on address bus
ADR0*-ADRI§*. The procedure is similar when routing data from the Serial
Interface CCA to the print processor, except that read control signal MEMR is
activated, and write control signal MEMW is deactivated. Note that, when the print
processor addresses the Serial Interface CCA (or any Interface CCA), address bit
ADRIS* must always be active.

Channeling data internally between the Interface Processor
and one of the devices connected to it involves internal data bus DI-D8, internal
address bus A0-AlS, and internal read/write control signals IMEMR* and IMEMW*,
with print processor address bit ADR15* inactive.

Table 2-5 lists the data bust address bus, and control signals
_ssociated with each processor.

TABLE 2-5. PROCE.SSOR I/O AND CONTROL SIGNALS
.-- '_ I

Processor Data Address Control
Signal Signal Signal

Interface DI - D8 A0- Al5 IMEMW
(Internal)

IMEMR

i Print DBUFI - DBUFB ADR0* - ADRg* MEMW*
(External)

ADRI 1' - ADR15* MEMR*

(ADR10* not used)
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From the standpoint of control, the complement of devices
within the Serial Interface CCA may be divided into three groups. One group of
devices is under the exclusive control of the interface processor, while the second

group of devices is under the exclusive control of the print processor. The third
group of devices is accessible to either processor on a time-shared basis. Device
control is effected by means of two sets of chip-select signals developed from the
five (or six) most significant address bits of each processor. Chip select signals
CS3* -CSg * and CS12' are generated by external chip select decoder U36 from
print processor address bits ADRII* - ADR13*. Similarly, chip select signals
ICSI* - ICS10* and iCSI6 + are generated by internal chip select decoder U2 from
interface processor address bits A11 - Al§.

Another internal address bit, Al0, is selectively used to

distinguish between two devices that share a common chip select signal. External
chip-select signals are listed in table 2-3. Signal CS12' is generated within the
Serial Interface CCA by ORing CSI* with CS2'.

Table 2-6 lists the internal chip select signals and describes
their functions.

TABLE 2-6. INTERNAL CHIP SELECT SIGNALS

Signal Binary Address Function
! A15 Al# A13 Al2 A11 Al ©

ICSIA*, 0 0 0 0 0 0 Select Program ROM MEM1
ICSIB* , 0 0 0 0 0 1 Select Program ROM MEM2

ICS3' 0 0 0 I 0 X Select I/F Control Latch U22

i ICS_* 0 0 0 I I X Select I/F Information. Latch U23

[ ICSSA 0 0 1 0 0 0 Select Input Buffer US/UI7

ICSSB* 0 0 i 0 0 I Select Optional RAM UIS, U5

ICS6* 0 0 i 0 I X Select Scratch Pad Memory UI3/Ulg

ICS7* 0 0 I I 0 X Select Output Latch U27

ICSB* 0 0 1 i I X SelectInputPort U7

ICS9' 0 1 0 0 0 X Select Print Buffer UI0/Ull for internal
write, together with internal buffer address
driver US, U37

ICS10* 0 1 0 0 1 X Select Mode Status Port U31

ICSI6* 0 I I I I X Select USARTU29

X -- Don't care condition
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2. Data Bus Structure and Device D.e_scription - There are a
total of three data buses within the Serial Interface CCA: DBUFI - DBUF8, DB1 -
DBg, and DI - Dg. Bus DBUFI - DBUFg channels all data between the Serial
Interface CCA and the Processor CCA. Two devices connect to bus DBUF1 -
DBUFg: bidirectional drivers U25 and U24. Bidirectional driver U2g, through
devices U22 and U23 and bus D I - DS, provides two-way communication between the
Processor CCA and processor chip U1 of the Serial Interface CCA. Bidirectional
driver U25 connects bus DBUFI - DBUF8 to bus DBI-DB$, and allows the Processor

CCA to access the print buffer U10/UI I, as well as o0tion configuration port U42,
and tape channel ports U26 and U27. Latch U23 stores status information supplied

- by the Serial interface CCA from data bus D1 - DS, under control of internal chip
select signal ICS4' along with IMEMW. The contents of U23 are periodically
sampled by the Processor CCA under control of external chip-select signal CS6'.

Latch U22 stores status and commands supplied by the
Processor CCA under control of external chip-select signal CS3 along with MEMW.
The contents of U22 are periodically sampled by the interface processor under
control of internal chip-select signal ICS3'.

Since bus DBUFi - DBUF$ is time-shared by U24 and U25,
the two devices are enabled by a mutually exclusive arrangement: U25 is enabled by
the expression MEMW/R.ADRIS.ICS3*.CS3*.CS6*, where

-_ MEMW/R.ADRI5 = Processor CCA initiates an I/O read or write operation

IC53'.CS3'.CS6' = Chip select signals controlling U22 and U23;
U25 is disabled when any one of these sig-
nals is active

U25 is enabled under conditions opposite from U2t4 i.e., when either CS3', CS6' or
ICS3' is active.

Bus D I - D8 serves as the bi-directional data path between

the interface processor and the various memory and I/O devices connected to it.
The function of each device is listed below:

(a) Input Port U7 - When selected by ICS8, this buffered
port reads and inverts the state of the DAVFU ENABLE, and TCVFU ENABLE lines
supplied by the option configuration switches. Bit designations are as follows:

MSB 1 _r28 RESET
D7 -
D6 -
D5 -
DO RESET DELAYED
D3 DAVFU ENABLE*
D2 TCVFU ENABLE*

LSB DI -

-....
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(b) Output Latch U20 - This-latched port stores various
conditions of the Serial Interface CCA. It is updated by the interface processor
with ICS7.IMEMW. Bit designations are as follows:

MSB D8 USART and BAUD rate generator reset
D7 -
D6 -
D5
D0 -
D3 -
D2 RLSD DLY RST

LSB DI BUSY*

(c) Scratch Pad U I0 - U IS - This random access memory
stores various flags, counters, status words, and pointers. It is selected by ICS6 on
the interface word processor and is mapped as shown in table 2-7.

TABLE 2-7. SCRATCH PAD MEMORY MAP

i _ ...... J..... i..

Location (Hex) Contents

2800 OPST (Output Port Status)

2801 RBFLAG (Rest Busy Flag)

2802 LLCNT (Line Loaded Counter, LSB)

2803 LLCNTA (Line Loaded Counter, MSB)

2800 HLFLAG (Halt Flag)

2805 BSFLAG (Busy Flag)

2806 CMNDST (USART Command Word Status)

2807 LTFLAG (Line Transfer Flag)

2808 BLCNT (Buffer Length Counter)

2809 BOFLAG (Busy Off Line Flag)

280A HALTPT (Halt Pointer, LSB)

2808 HALTA (Halt Pointer, MSB)

280C BUSYPT (Busy Pointer_ LSB)

280D BUSYA (Busy Pointer, MSB)

280E BUFTOP (Input Buffer Top + i, LSB) f
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TABLE 2-7. SCRATCH PAD MEMORY MAP (Contd)

Location (Hex) Contents

2g0F BUFTPA (Input Buffer Top - 1, MSB)

2810 HLCNT (Halt Counter)

2811 COUNTI (Counter #1)

2812 COUNT2 (Counter #2)

2813 TRLNST (Transfer Line Status Word)

2810 PTBST (Port B Status)

2815 DBLCNT (DAVFU Buffer Length Counter, LSB)

2816 DBLCTA (DAVFU Buffer Length Counter, MSB)

2817 DABPT (DAVFU Buffer Pointer, LSB)

2818 DABPTA (DAVFU Buffer Pointer, MSB)

2819 DAFLAG (DAVFU Flag)

281A DAFLT (DAVFU Fault Flag)

2818 PBTAS (PBPT Temp. Store, LSB)

281C PBTASA (PBPT Temp. Store, LSB)

281D INTCH (Interim Character Received Counter)

281E XONFG (X-ON Only Once Flag)

281F XOFFG (X-OFF Only Once Flag)

2820 BSOFPT (Busy OFF Pointer, LSB)

2821 BSOFFA (Busy OFF Pointer, MSB)

2822 CRFGTR (Termination Flag)

2823 TERADD (Lower Address Byte)

282q TERADD (Upper Address Byte)

2826 STATEG (Status On/Off Line Flag)

2828 NOPAR (Don't Care Parity Flag)

2-37



TI 6490.20

THEORY OF OPERATION

(dB Input Buffer UI7-U5 - This random access memory
serves as a temporary storage device for ail print and control characters supplied by
the user system and converted by USART chip U29. It is accessed under control of
signal ICS5 when Al0 is inactive.

(e) Program PROM MEMI-MEM2 - PROMs MEM1 and MEM2
store the main program for the interface proc'_ssor and are accessed under control
of internal chip-select signals ICSIA and ICS1B.

(f) Optional RAM .U..lS-U6 - This device is an optional
extension of input buffer UI7-US, under control of signal ICS5 with bit Al0 active.

(g) Mode Status Port U31 - This device defines the operating
parameters of the USART chip, such as number of stop bits, type of parity_ if any,
character length, and BAUD rate. Input to this device is supplied in part by the
Option Configuration switches and selected in part by parameter switches within the
Serial Interface CCA. It is accessed under control of internal chip-select signal
ICS10, and has the following bit assignments:

MSB DS Number of DR 0 0 1 1

D7 StopBits D7 0 I 0 i

Stop Bits X I l_i 2

D6 Even Parity

D5 Parity Enable

D_ Character D_ 0 0 I 1

D3 Length D3 0 I 0 1

No. Bits 5 6 7 8

D2 Baud Rate D2 0 0 1 1
LSB DI Factor D1 0 1 0 1

Factor SYNC X1 X16 X6g

(h) USA.RT Chip U29 - In its application as a component of
the Serial Interface CCA_ USART chip U29 is used manly as an asynchronous
receiver. Operating under control of internal chip-select signal IC516_ along with
IMEMW and IMEMR, it donverts the serial bit stream into parallel characters_
inserting or deleting bits as required by the communications technique used. In
addition to converting serial data into parallel form, U29 tests each character for
parity {if applicable), overrun, and frame errors. If an error' condition is detected, it
is reported when interrogated by the interface processor. Inputs to U29 incl 'de
signals REC DATA_ REC CLOCK, and 2mHz CLOCK. Signal REC DATA is a gated
version of the serial data stream supplied by the user system and processed by the
interface control circuits. Signal REC CLOCK is supplied by the BAUD rate
generator_ and is used to synchronize U29 with the BAUD rate of the serial data _.
stream. Signal 2mHz serves as a time base for internal device timing. Output
signal DTR indicates that the printer is able to receive data.
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generator,and is used to synchronizeU29 with the BAUD rate of the serialdata
stream. Signal2mHz serves as a time base for ifiternaldevice timing. Output
signal DTR indicates that the printer is able to receive data.

When operating as an asynchronous transmitter, the
USART chip receives data in parallel format from processor chip UI on DI-D8, and
transmits the data in a serial bit stream to the user. Information transmitted in this
fashion includes status words X-ON and X-OFF.

Communications between the USART chip and the
interface orocessor are performed over data bus D I-DS under control of signals
C/D*, RD + , WR* in one of three modes, as follows:

(1) Data Transfer Mode: C/D'm: O___RD* : 0_ WR* = i

LSB: D 1
D2 Paralleldata
D3 wordtransferred
D# fromUSART to
D 5 the interface
D6 processor
D7

MSB: DS

-"' (2) Status Mode: C/D* = 1, RD* = 0_ WR* -7._1.

LSB: D1 = Transmitter Ready
D2 = Receiver Ready Status word
D3 = Transmitter Empty from USART
D_ : Parity Error to the
D5 = Overrun Error interface
D6 = Framing Error processor
D7 : Sync Detect

MSB: DS = Data Set Ready

(3) Command Mode: C/D* = l, RD* l= 1_
WR*: 0

LSB: DI = Transmit Enable
D2 = Data Terminal Ready Command
D3 = Receive Enable word from
D4 = Send Break Character interface
D5 : Error Reset processor
D6 = Request to Send to USART
D7 = Internal Reset

MSB DS = Sync
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(i) BAUD Rate Generator U33-U#5-U_6 - This circuit group
supplies the receive and transmit clock signals to USART chip U29. Input to the
BAUD rate generator is the lgmHz clock supplied by the interface processor. With
BAUD rate select switch S3 set to the desired BAUD rate, the frequency of the
output clock is 16 times the expected BAUD rate of the serial data.

(j) Interface Control - This circuit group controls
communication and data flow between the user system and the USART chip U29.
The user system may be either the RS232C or 20 mA current loop type. With either
type of system, the interfacecontrolpresentsa uniform interfaceto USART chip
U29.

The main output from the interface control to the
USART chip U29 is serial data signal REC DATA. This signal is derived either from
the RxD input signal of the R5232 type interface, or from the current variation in
the RxD+/RxD- receive loop, as applicable. Output to the RS232C interface
includes signals DTR and BUSY. Signal DTR is derived from DTR* supplied by the
USART chip U29. Signal BUSY is derived from BUSY* obtained from output port
U20. When the interface is a 20-mA current loop type, the TxD+/TxD- transmit
loop is used to transmit the BUSY status; a BUSY condition is signified by an
absence of current flow in the TxD+/TxD- loop.

(k) Print Buffer UI0/UI1 - The print buffer is accessible to
both internal processor chip U I and the external processor located in the Processor
CCA. Typically, internal processor chip U 1 stores user data in the print buffer, such
as print and paper motion characters and DAVFU tape channel information. Note
that processor chip U1 only writes information into the print buffeG but does not
read its contents.

As an example, assume that processor chip U 1 intends to
write a print character at a given location in the print buffer. To do this, U 1 places
the ASCII-coded character on bus DI-DI$, activates, through U2, internal chip
select signal ICS9', and internal write signal IMEMW. With ICS9' active, ASCII
driver U21 is enabled, and the contents of DI-D8 are channelled to the print buffer
on bus DBI-DB8. ICS9' also enables internal address driver UB/U37, allowing UI to
specify the location address where the character is to be stored. Then IMEMW is
raised, and the contents of DBI-DB8 are loaded into the selected location of the
print buffer.

The Processor CCA can both read the contents of or

write into the print buffer. Typically, the Processor CCA will read the contents of
the print buffer to obtain _he print and paper motion characters originally supplied
by the user, or VFU tape channel information supplied either by the user or obtained
from the paper tape. To do this, the Processor CCA codes the address bits that
generate chip select signal C512', and with bit ADRI5 active, enables bi-directional
driver U25 and external address drivers ug, U37, and USI. When MEMR is
activated, the expression CS12'. MEMW/R enables the print buffer, and its contents
are read by the Processor CCA on bus DB'I - DBB.
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In the write mode, the Processor CCA typically writes

tape channel information obtained from the TCVFU into the upper half of the line
buffer. The procedure is similar to the read operation described above, except that
signal MEMW replaces MEMR, thus reversing the direction of data flow through
U25. Note that tape channel information originating in the TCVFU is first read by
the Processor CCA, and then written into the print buffer one character at a time.
This operation is performed while the printer is still off line. When in the off line
mode the prihter receives a VFU-type paper instruction from the user. The
Processor CCA reads the contents of the print buffer to obtain the format, and
accordingly, executes the paper instruction.

cl. Data Management (Figure 2-11)

Two buffer memories are incorporated in the 5erial Interface
CCA'- input buffer US/UiT, and print buffer UI0/Ull. The input buffer stores, in a
circular fashion, all print and control characters received from' the user system, line
after line. Upon request by the print processor, one complete line is transferred :o
the print buffer, one character at a time. When the transfer is completed, the print
processor examines the contents of the print buffer and eventually prints it. Line
transfer is initiated when the print processor sets the load buffer signal. This signal
is latched in bit D3 of the interface control latch U22. When the transfer is
completed, the interface processor informs the print processor by latching signal
BUFFER FULL in bit D I of the interface information latch U23. In response, the
print processor resets the LOAD BUFFER signal and then the interface processor

-x resets the BUFFER FULL signal. Note that the LOAD BUFFER and BUFFER FULL
signals operate in a handshaking fashion.

Therefore, there are two major operations taking place in the
Serial Interface CCA- loading the input buffer with user-supplied data, and
transferring complete lines to the print buffer. A third operation, involving DAVFU
data, is treated in a special way and is discussed in paragraph 2.3.2. Note that the
transfer of data from the print buffer to the print processor is an operation
involving the print processor but not the interface processor.

To keep track of the buffer status and preserve the integrity of
the data, the interface processor maintains a group of pointers, counters, and flags
in designated locations within the scratch pad buffer UI_/UIS. Following
initialization, all pointers are reset to the status shown in figure 2-12. The main
loop pointer (MLPT) points to the location where the next user-supplied character is
to be loaded in the input buffer, in this case, location 0. Start transfer pointer
(STPT) points to the first character location of the next complete line to be
transferred to the print buffer, in this case location 0. Starting from zero, the line
length counter (LLCT) increments with each complete line received from the user,
and decrements with each complete line transferred to the print buffer. The print
buffer pointer (PBPT) points to the location in the print buffer where the next
character is to be stored and increments with each transferred character. B'_SY

pointer (BUSYPT) points to the address where the input buffer is 3[4 full. The halt
pointer (HALPT) points to the top location of the input buffer.

'-x

2-41



TI 6490.20
THEORY OF OPERATION

-- --...

LOCATION LOCATIO N

I.PuTBu_ER_ P._.TBUFFERI
,ALTPT ..-lo,3 I 1'0'3_" VFUDATA

NOTUSED

I ·MLPT PRINT DATA
_ STPT PBPT

,. _4---- _ , Jo

* LOCATION 0 IS RESERVED
FOR LOCATION ADDRESS OF
THE CONTROL CHARACTER

:Z45123,40_

_f

l_igureZ-12,. ]3u_er Pointers

2-z_2



TI 6490.20

THEORY OF OPERATION

I. USART to Input Buffer Data Transfer - Figure 2-13 shows the
data structure of the inp_ut buffer. When a character is received from the USART,
it is stored at the location pointed to by main loop pointer MLPT. Since MLPT
initially always points to the start of the buffer, the first print character received
from the USART is always stored at the start or bottom of the buffer. With each
character received from the USART, MLPT is incremented.

Subsequent print characters are treated the same way, each
stored sequentially in the next highest location. Receipt of a control character
(paper motion) marks the end of that print line. The control character is stored

.... above the last print character, MLPT is incremented by one, and a dummy character
(IFH) is stored one location above the control character. The dummy character
serves as a demarcation for each print line. Next, a transfer line status code is
stored one location above the control character. The transfer line status code
contains the horizontal pitch (normal, condensed, or expanded) of the current line.
Transfer line status information is derived from a coded character supplied by the
user at any time, but is not loaded in the input buffer until the line has been
terminated. Finally, the lines loaded counter (LLCNT) is incremented to indicate
that one complete line is ready to be transferred to the print buffer.

To circulate the input buffer, the main loop pointer is
continually compared with the top-of-buffer pointer (BUFTOP). If BUFTOP is one
location higher than the physical top of the input buffer, the main loop pointer is

....._ returned to the physical bottom address of the input buffer.

To avoid overfilling the input buffer, the main loop pointer is
continually compared to the busy pointer BUSYTP. -When the two are equal,
indicating that the input buffer is 3/t_ full, a BUSY signal is sent to the user system. I
Under these circumstances, the user is allowed to complete transmission of the

Icurrent line, then stop until the BUSY condition is lifted. If the user ignores BUSY
and keeps transmitting, the input buffer will eventually fill up, and the HALT flag
will be set. With the HALT flag set, the interface control circuit will disable Data
Terminal Ready signal DTR, and any further data will be ignored until the BUSY
condition is lifted. The BUSY condition will be lifted when enough data has been
transferred to the print buffer to make the input buffer less than l/g full.

2. Input Buffer to Print Buffer - This operation involves the
transfer of one line of data, character by character, from the input buffer to the
print buffer. One line of data includes print data and the control character_ but not
the dummy character or the transfer line status character. The source of the first
character to be transferred is the location address pointed to by the start transfer
pointer STPT. The destination of the first character to be transferred is the
location address pointed to by the print buffer pointer PBPT. Both pointers are
incremented with each transferred character.

The operation is initiated when the print processor sets
control signal LOAD buffer in bit D1 of interface control latch U22. With bit DI
set, the transfer operation can start if the line length counter is greater than zero.
Before a character is transferred, it is first compared with the dummy character. If
it is not a dummy character, then it is stored in the designated location within the
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Figure 2-13. Input Buffer Structure
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print buffer. Following transfer of each non-dummy character, the USART chip is
interrogated. Interrogation of the USART chip involves testing for the presence of
a newly assembled character, and if applicable, storing that character in the
designated location within the input buffer.

When the dummy character is detected, the location address
of the control character is stored in location 0 of the print buffer. Next, the
contents of the transfer line status is examined to determine if the line pitch is
expanded, condensed, or normal. This information, along with the BUFFER FULL
signal, is sent via the interface information latch U23 to the print processor.

..... Each time a character is transferred to the print buffer, the
memory space in the input buffer increases. Accordingly, the BUSYPT (input buffer
3/4 full) and HALTPT are incremented. When a complete line has been transferred
to the print buffer, the conditions of the HALT flag (HLFLAG) and 3/4 BUSY flag
(BSFLAG) are reexamined. If either flag is set, and the input buffer is less than 1/4
full, both flags are reset, and the BUSY signal To the user system is deactivated.

In addition, when transferring characters from the input
buffer to the print buffer, the input buffer pointers are checked against the value of
BUFTOP. If either the start transfer pointer, BUSY pointer, or HALT pointer,
equals BUFTOP, it is reinitialized to the physical bottom of the input buffer. This
allows the input buffer to operate in a circular fashion.

_' 3. DAVFU Data Transfer - Unlike print data, DAVFU data is not
i loaded first in the input buffer, but is transferred directly from the USART chip to

the VFU portion of the print buffer. When a DAVFU start code is received, the

BUSY signal to the user is activated and DTR is deactivated. Next, the contents of
the input buffer, if any, are transferred to the print buffer. Once the input buffer is
completely empty, DTR is activated again and BUSY is deactivated. Upon receipt
of a LOAD BUFFER signal from the print processor, loading of DAVFU data may
then be resumed.

DAVFU loading operations are terminated-upon one of the
following conditions=

(a) When a DAVFU load error is detected. Under this
condition, the interface processor will transmit a DAVFU FAULT signal on bit D3 of
the interface information latch U23 to the print processor.

(b) When a DAVFU start character is received from the user
system. This condition will restart the DAVFU load operation.

(c) When a DAVFU stop character is received and no error
conditions exist. Following a successful DAVFU load operation, the location address
of the last DAVFU character is stored in location 0 of the print da,a portion of the
print buffer.

2-t+5



TI 6490.20

THEORY OF OPERATION

q. Sequential Operation - The following paragraphs describe, in --.
simplified form, the sequence of event s associated with the transfer of data from
the USART chip through the input buffer to the print buffer. The discussion is
divided into the following topics, each keyed to a flow diagram:

Overall Operation

Input Operation

Print Data Transfer Operation

DAVFU DaTa Transfer Operation

(a) Overall Oper. ation (Figure 2-1#) - Figure 2-1_ is a
general flow diagram of events aSsociated with the operation of the Serial Interface
CCA. Following initialization, the ON LINE signal is monitored; the Serial Interface
will remain in this loop until the print processor enters the on-line state. As part of
this loop, the USART is monitored for the presence of a status request character
supplied by the user. If a status request character is detected, the status check
(STACK) operation is entered, and the status request is serviced.

When the ON LINE signal goes high, the serial interface
returns an on line ACKNOWLEDGE signal to the print processor and clears BOFLAG
(BUSY flag set when the processor goes off line). Next, the conditions of DAFLAG
(set following receipt of a DAVFU start code) and BSFLAG (set when the input
buffer is 3/8 full) are tested. If neither flag is set, the BUSY signal to the user
system is reset, DTR (Data Terminal Ready) is enabled, and an X-ON operation is .....
performed.

NOTE

The serial interface will go BUSY and activate the BUSY signnl to
the user under any of the following conditions:

When )he print processor goes off line, and will stay
BUSY until the print processor goes on line again.

When the input buffer is 3/_ full, and will stay BUSY
until enough data has been transferred to the print
buffer to make the input buffer less than l/_ fuji.

When a DAVFU start code has been received. The serial
interface will stay BUSY long enough to allow transfer
of all print data from the input buffer.

I
I Next, the USART chip is examined for the presence of

an assembled character. If a character is found to be 13resent, it is stored in the
input buffer. Otherwise, the ON LINE signal is monitored to verify that the print
processor is still on line. Assuming that the ON LINE signal is still high, and that
the print processor has set the LOAD BUFFER signal, the contents of the line
loaded counter LLCNT is examined. If LLCNT does not equal zero, one line of data
is transferred from the input buffer to the print buffer.
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If the ON LINE signal is low, the BUSY signal to the user
is activated, BOFLAG (BUSY due to off line) is set and an X-OFF operation is
performed. See paragraph 2._.2, subparagraph 1, for status transmission details.
The BUSY signal informs the user to complete loading the current line, and then
wait until the BUSY condition has been lifted. Next, the USART chip is tested for

the presence of an assembled character. If a character is present, it is loaded in the
input buffer. This operation is repeated several times until the user has completed
transmitting the current line. At that time, the off-line signal is acknowledged, and
the sequence returns to the on line signal monitoring loop.

Unlike print data, DAVFU data is transferred directly
from the USART chip to the VFU portion of the print buffer. However, before
DAVFU data can be serviced, the input buffer must be empty. To accomplish this,
the contents of the input buffer are transferred, character by character, line after
line, and printed. During this time, the BUSY signal is active and no characters are
accepted from the user system. Each time a line is transferred from the input
buffer to the print buffer, LLCNT is decremented by one. Eventually LLCNT will
equal zero and the last line will be printed, allowing *_heserial interface to enter the
DAVFU data transfer operation.

If, as a result of an input operation, HLFLAG is found to
be in the set state, no input operation can take place. Instead, the transfer
operation is entered as many times as necessary until enough data has been
transferred to allow HLFLAG to be reset.

(b) Input Operation (Figure 2-15) - During each input
operation, one character is transferred from the USART to the input buffer. Each
character is tested for load errors, control codes, and DAVFU start codes. No
character loading can take place if the input buffer is already filled to capacity.

At the start of the input operation, the state of HALT

flag HLFLAG is examined. If set, HLCNT is tested. If HLCNT equals 2, the input
operation is exited and returned to the overall operation. Otherwise, HLCNT is
incremented by one. If _HLFLAG is not set, HLCNT is neither examined nor
incremented.

NOTE

HLFLAG is set when ali but two locations of

the input buffer are full.

Next, the character supplied by the user through the

USART is tested for franking, overrun, parity errors, and status request. If a
framing or overrun is detected, a question mark (?) is stored. If the character is a
status request_ a status check (STCK) operation is performed. If a parity error is
detected, a dollar sign ($)lis stored. Otherwise, the character is stored unaltered in
the input buffer and tested for the following=

(1) Print character.

(2) DAVFU start code. If present, DAFLAG and BUSY
are set and DTR is reset, and an X-OFF operation is performed.
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.. Figure 2.15. Input Operation Flow Diagram
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(3) Control code. if present, the dummy character is
stored above the control character, followed by TRNLST. After TRNLST has been
stored, LLCNT is incremented and tested. If less than 255, the input operation
returns to the overall operation. If LLCNT equals 235, indicating that the input
buffer is now filled to capacity, HFLAG and BUSY are set, and DTR is reset before
the inputoperationsequence isexited.

{t_)Condensed or expanded code. Ifpresent,TRNLST is
formulated accordingly.

(5) If none of the above is present, the character
currently stored in the input buffer isreplaced by a space code.

(c) Print Data Transfer Operation (Figure 2-16) - This
operationtransferscomplete linesof printdata,characterby character,to the print
buffer. Startingwith location 1, charactersare transferredone at a time in a
continuousloopuntilone pf the followingtwo conditionsare encountered:

(1) The USART needs to be serviced. Under this

condition,the print data transferoperation is exited,and eventuallythe input
operationisentered. During the inputoperation,the USART characterisloadedin
the inputbuffer,and then the printdata transferoperationisreentered.

(2) A dummy character is detected indicating the end
of the current line. Under this condition, the location address of the previous
character (control character) is stored in location zero of the print buffer.

Next, interface information latch U17 is updated with

I the latest TRNLST status (condensed, expanded), and LLCNT is decremented.

Finally, BUSY and HLTFLAG are reset, and DTR is set.

(d) DAVFU Data Transfer Operation (Figure 2-t7) - During
this operation, DAVFU data is transferred directly from the USART to the VFU area
of the print buffer. Loading will proceed sequentially until one of the following
Occurs:

Receipt of anotherDAVFU startcode.

DAVFU fault.

Receipt of a DAVFU stop code.

As shown in figure 2-17, the DAVFU fault flag, DAVFU
Flag and BUSY signal are cleared, and DTR is set. Next, the operation enters a loop
until the USART indicates that it has a character available for transfer. At that

time, the character istestedfor load errorand DAVFU startcode. Assuming that
neither condition exists, i the character is stored in the DAVFU area of the print
buffer, in a location specified by the DA_t U buffer pointer DABPT. Next, the
DAVFU character count is monitored for 511. Assuming that the count is less than
511, DAVFU character .length counter DBLCNT and buffer pointer DABPT are
incremented, and the character is tested for a DAVFU stop code. If the character is
not a stop code, the operation returns to the USART monitoring loop until another
character becomes available.
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Figure 2-16. Print Data Transfer Operation Flow Diagram
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Figure Z-17 DAVFU Data Transfer Flow Diagram
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Eventually, after receipt of several characters, the user
will transmit a DAVFU stop code. If the number of DAVFU characters is even,
DABPT is stored in location 0 of the print buffer; DAVFU fault bit D3 is coded in
U17, (since no fault has occurred, D3 is set to 0); and BUFFER FULL is set in bit DI
of UI7.

DAVFU fault can occur under the following conditions:

(1) Character load error.

(2) Number of characters equals 311, and no stop code
was received.

(3) The total number of characters received, including
the start and stop codes, is odd.

When a DAVFU fault occurs, DAFLT and BUSY are set,
and DTR is reset. Then a DAVFU fault condition is reported to the print processor

by setting bit D3 of U 17 to one.

e. Status Transmission

In addition to receiving and processing user data, the Serial
Interface CCA also transmits coded status information to the user. There are a
total of five coded status words, arranged in two groups. One group of coded status

......'", words X=ON/X=OFF, is transmitted once each time the printer changes from BUSY
to NOT BUSY to BUSY, respectively. The other group of status words, ACK, NAK,
DCt_, and X-OFF, is transmitted upon special request by the user. Note that status
word X-OFF, appears in both groups; i.e. X-OFF is transmitted automatically once
when the status changes from NOT BUSY to BUSY, but may be transmitted again
when requested by the user, provided that the printer is still in the BUSY state.
Following is a detailed description of the status words in each group:

1. Group I - Prerequisite: The printer must be on line.

X-ON

Octal Code: 21

Transmitted: Once, when the printer state changes
from BUSY to NOT BUSY.

X-OFF

OCTAL Code: 23

Transmitted: Once when the printer state changes from
NOT BUSY to BUSY.

2-53



TI 6490.20

THEORY OF OPERATION

2. Group 2 = Prerequisite: Switch SWI-2 on the Serial
Interface CGA must be set to OFF (status
enabled). Once this condition is met, the
printer will respond to a status request word
(octal 5) provided by the user by transmitting
any one of the following:

NAK

Octal Code: 25

Status: Printer is off line, and no faults exist.

DC_

Octal Code: 214

Status: Printer is off line, and a fault exists.

ACK

Octal Code: 6

Status: Printer is on line, and buffer is not full.

X-OFF _-

Octal Code: 23

Status: Printer is on line and buffer is full.

NOTE

With Switch SWI-2 set to ON, receipt of a status
request Word (octal 5) will cause the printer to print a
space.

Figures 2-18 and 2-19 show, in simplified form, the events
associated with the X-ON, X-OFF, and status check operations. Operations X-ON
and X-OFF are subroutines that may be entered from any other operation, provided
that the printer is on line, and when the printer changes from BUSY to NOT BUSY
or from NOT BUSY to BUSY. Typically, X-ON is entered following initialization
when the printer goes on line and is not busy (see figure 2-1_). Typically, X-OFF is
entered from the overall operation, input operation, or DAVFU operation when the
printer goes from NOT BUSY to BUSY.

I

Status ct_eck o_.rction is a subroutine entered any time the user
transmits a status request _vord (octal 5). Typically, it is entered from the overall
operation while the printer is still off line (see figure 2-114), and from the input
operation (see figure 2-15) _vhen the printer is on line.
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Figure Z-18. X-ON/X-OFF Operation Flow Diagram
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Figure 2-19. Status Check Operation Flow Diagram
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....... . f. Definit..ion o£ Fla_;.s_.,Pointers, and Counters

Table 2-g is an alphabetical list of flags, pointers, and counters
used by the interface processor to transfer data from the USART to the print
processor.

TABLE 2-g. DEFINITION OF FLAGS, POINTERS, AND COUNTERS

Item [ Definition
t

..... ' i

BLCNT Buffer Length Counter. This counter records the number of
' characters loaded from the user to the Input Buffer for each

line of data.

BOFLAG ] Busy Off Line Flag. This flag is set to distinguish between a

i

3/_ full busy condition and a busy off line condition. It is set
whenever the printer is put off line. Once set, the BUSY signal
will not get reset unless the printer is again placed on line.

BSFLAG Busy Flag. This flag is set when the Input Buffer is half full.

BSOFPT Busy Off Pointer. This flag is set when the Input Buffer is down
-_ to 1/_ full.

BUFTOP Input Buffer Top + 1. This is the address of the top location of
(LSB), the Input Buffer + 1.
BUFTPA
(MSB)

BUSYPT Busy Pointer. This address pointer is 3/t_ up the Input Buffer
(LSB), (with reference to the bottom of the next line to be
BUSYA transferred). It is used to set the Busy Flag when the Input
(MSB) Buffer is 3/4 full.

CMNDST USART Command Word Status. This records the last command
word written to the USART.

CRFGTR Carriage Return/Terminator Flag. MSB set when previous line
was terminated with a CR. LSB set when previous line was
terminated with LP, FF, or VFU-type paper motion command.

DABPT DAVFU Buffer Pointer. Points to buffer memory address where
(LSB), the next DAVF'j character is to be located.
DABPTA
(MSB)
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TABLE 2-8. DEFINITION OF FLAGS, POINTERS, AND COUNTERS (Contd)

.... i i il ·

Item Definition
ii _=

DAFLAG DAVFU Flag. This flag is set when a DAVFU start code is
received from the user.

DAFLT DAVFU Fault Flag. This flag is set if:

i. A DAVFU load error was detected.

2. DAVFU Buffer is overfiiled.

3. An odd number of DAVFU characters has been loaded.

DBLCNT DAVFU Buffer Length Counter. This counter indicates the
(LSB), number of characters input during the DAVFU Transfer
DBLCTA Operation.
(MSB)

HALTPT Halt Pointer. This address pointer is two locations below the
(LSB), top of the Input Buffer. It is used to check when the Input
HALTA Buffer is nearly full.
(MSB)

HLCNT Halt Counter. This counter indicates the number of characters
(to a maximum of 2) that will be input to the Input Buffer after
the HALTPT is reached.

HLFLAG Halt Flag. This flag is set when the Input Buffer is within two
locations of being completely full.

INTCH Interim [Character Received Counter. Counts the characters
re-Calved iwhile the printer is off line.

LLCNT Lines Loaded Counter. This counter records the number of

complete lines in the Input Buffer to be transferred to the Print
Buffer.

LTFLAG Line Transfer Flag. This flag is set if a line transfer from the
Input Buffer to the Print Buffer is in progress.

MLPT Main LogEp Pointer. Used to point to the next empty location in
the Input Buffer. It is incremented each time a legal character
is Ioadedl from the user.

I
OPTST Output Port Status. This records the last byte written to OPT

(Output Port).

I f
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-, TABLE 2-8., DEFINITION OF FLAGS, POINTERS AND COUNTERS (Contd)

Item Definition
[_ ,i. ..... '

PBPT Print Buffer Pointer. Points to the location of the Print Buffer
where the next character is to be loaded. It is incremented
with e'ach character transferred from the Input Buffer.

PBTAS Print Buffer Pointer Temo. Store. The PBPT is stored here
(LSB), before the USART is interrogated.

...... PBTASA
(MSB)

PTBST Port B Status. This records the last byte written to Port B.

RBFLAG Reset Busy Flag. Flag used as a reminder to reset the BUSY
signal and the BSFLAG. It is set when the buffer is no longer
3/4 full.

STATFG Status On/Off Line Flag.

_.. STPT Start Transfer Pointer. Points to the first character of the
next line in the Input Buffer to be transferred to the Print
Buffer. It is incremented as each character is transferred.

TERADO Terminator Address. This byte, together with STPT above,
contains an address within the Input Buffer that points to the

previous Line Terminator Code.

TRLNST Transfer Line Status Word. This byte contains those bits of
Port B which are set uniquely for each input data line.

Where:

Bit 7 = Expanded Code
Bit 6 = Condensed Code
Bit 4 = DAVFU/PRINT _
Bit 3 = DAVFU Fault
Bit [ = Buffer Full

XOFFG X-OFF Only Once Flag. This flag is set when the printer is not
BUSY, and reset during the BUSY state before X-OFF is
transmitted. It ensures that X-OWF is only transmitted once.

XONFG X-ON Only Once Flag. This flag is set when the printer is
BUSY, and reset during the NOT BUSY state before X-OH is
transmitted. It ensures that X-ON is transmitted only once.

i a m_
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2._.3 DPC Cen_tronics-Compatibl.e Interface CCA (Option)

The DPC Centronics-Compatible Interface CCA presents the user
system with an interface that is compatible with Centronics printers. As such, it
accepts data in bit,parallel, character-serial form, using the DATA
STROBE/ACKNOWLEDGE communications scheme. The following paragraphs
describe the interface signals, interface timing, hardware, and sequential operation
of the DPC Centronics-Compatible Interface.

a. Interface Signals

Table 2-9 lists and defines the signals connected between the user

system and the DPC Centronics-Compatible Interface.

TABLE 2-9. ope CENTRONICS-.COMPATIBLE INTER_ACE SIGNALS

, · : --.

Pin Number

50-Pin Interface

Signal Definition PI Connector

SLCT A printer-generated signal which indi-
(SELECT) cates that the printer has been 19 21

selected. When the SLCT signal is
active:

(a) The ALARM light is off.
(b) The printer operator has pressed

the ON LINE switch, or an octal
(021) has been received via the
data bus.

(c) The printer is ready to receive
data.

SLCT RTN 20 5

ACKNLG* A printer-generated signal which
acknowledges that the printer has 15 23
received a data word. If the data word

produces a busy condition, the
acknowledge signal will not be
generated until the busy condition is
reset.

: *ACKNLG 16 7
I RTN*
L
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TABLE 2-9. DPC CENTRONICS-COMPATIBLE INTERFACE SIGNALS
(Contd)

Pin Number

50-Pin Interface
Signal Definition PI Connector

DATA A user-generated signal which defines 37 38
STROBE + when information on the daia lines is

..... stable and may be stored in the printer
buffer.

DATA 38 37
STROBE RTN +

BUSY A printer-generated signal inriicating
that the printer is unable to receive 17 22
print or format data. A select code can
be transmitted during a busy condition.

BUSYRTN 18 6

INPUT A user-generated signal that clears the _3 31
PRIME* printer buffer and initializes the

interface logic. The input prime signal
is asynchronous to the interface logic.
This signal does not affect print or
paper motion cycles.

INPUT t)t_ 15
PRIME RTN _

FAULT* A printer-generated signal indicating 9 26
that one of the following faults has
occurred:

fa) Printer is out of paper.
(b) Shuttle is not moving·
(c) Printer is not selected.

FAULTRTN+ 10 10

OSCXT A printer-generated signal that
transmits a 1.00 kHz square wave to the 13 2_
us_r.

OSCXTRTN 1_ 8

PE A printer-generated signal that indi- I1 25
cares printer is out of paper.

J

_1 , , -J,_ u i u i mi
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TABLE 2-9. DPC CENTRONICS-COMPATIBLE INTERFACE SIGNALS (Contd)

I
Pin Number

5{1=Pin Inter(ace
Signal Definition PI Connector

· J

PERTN 12 9

PAPER This user-generated' signal informs the 41 30 {
INSTRUCTION printer that information on the data
(Optional) lines is to be treated as format

data. This signal can only be used
when! the TCVFU or DAVFU option
is installed; however, a data line
can be terminated using the stand-
ard ASCII format codes (PAPER

INSTRUCTION signal inactive) even
though the TGVFU or DAVFU option
is installed.

PAPER V2 IQ
INSTRUCTION
RTN

DATA I User Data 21 19
DATA I RTN 22 3

DATA 2 User Data 23 20

DATA 2 RTN i 2_

DATA 3 User Data 25 i
DATA 3 RTN 26 2

DATA _ User Data 27 gl
DATA _ RTN 28 o,O

DATA 5 User Data 29 3#
DATA5RTN 30 lg

DATA 6 Used Data 31 _3
DATA6RTN i 32 #2

DATA 7 User Data 33 36
DATA 7 RTN 3t+ 35

DATA 8 User Data 35 28
DATA 8 RTN 36 t+t+

. mmmm
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b. Interface Timinj[

Interface communication signals operate in the pulsed, rather
than the handshaking mode. Once the DPC Centronics-Compatibie Interface has
been selected and no BUSY condition exists, it will communicate with the user as

follows (see figure 2-20):

1. The user places data on the data lines and transmits a DATA
STROBE* signal.

2. Sensing the DATA STROBE* signal, the DPC Centronics-
Compatible Interface stores the data in the line buffer and sets a delay timer.

3. At the expiration of the delay time, the DPC Centronics-
Compatible Interface returns an ACKNOWLEDGE* signal.

4. Sensing the ACKNOWLEDGE* signal, the user system can
transmit another DATA STROBE signal.

If the user transmits a character that causes the Interface CCA

to enter the BUSY state, (CR, DESLECT, or termination code), the interface
communication sequence will be as follows (see figure 2-21):

5. The user system places a character on the data lines.

6. The user system transmits a DATA STROBE* signal.

7. Sensing the leading edge of the DATA STROBE* signal, the
DPC Centronics-Compatible Interface decodes the character coded on the data
lines.

8. After the character has been decoded, on the trailing edge of
DATA STROBE*, the DFC Centronics-Compatible Interface enters the BUSY state.

NOTE

If the character received is CR, BUSY is entered
on the leading edge of DATA STROBE*.

9. After a time delay, as determined by the type of character
received, the DPC Centronics-Compatible Interface terminates the BUSY state and
transmits an ACKNOWLEDGE* signal to the user.

c. Interface Hardware Description (Figure 2-22)

Figure 2-22 is a simplified block diagram of the circuits that
comprise the DPC Centronics-Compatible Interface. The following paragraphs
describe the functions of the circuits and devices depicted.
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DATA STROBE* : -

..... _-_c_
_c_o,_. \7

f_

TIME B IS THE ACKNOWLEDGE DELAY

STARRED SIGNAL NAMES SIGNIFY
ACTIVE LOW SIGNAL

A : 1.0 _SEC, MAX,

I : 0.5_SEC, MIN,
I B = +7 _ 1.0 _SEC,

C = 4 _ 1.0 _SEC,

>/2///_:UNDEFINEDAREA

Figure 2-20, Data Transfer Timing Without Busy
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BUSY X ....

ACKNOWLEDGE .... _'_ ,,-

A _ 1.0 /_sec max, 0.5 /zsec rain
B = Duration of BUSY as defined

C = 4.0_.sec ± l_sec

RECEIVED DATA DURATION OF BUSY

1. CR w/o Auto Line 7.0/_sec ± I.O/_sec
2. CE w/ Auto Line Print & Paper Motion Cycles
3. Deselect Code Until Printer is Selected

4, Ail Other Terminations Print S Paper Motion Cycles

STARRED SIGNAL NAMES SIGNIFY ACTIVE LOW SIGNALS

START OF BUSY OCCURS ON TRAILING EDGE OF DATA STROBE* IN ALL CASES EXCEPT CR.
WHEN RECEIVED DATA IS CR, START OF BUSY OCCURS ON LEADING EDGE OF DATA STROBE*.

-- UNDEFINED AREA

'_ Figure Z-Zl. Data Transfer Timing with BUSY
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1. Chip S__electDecoder U68 - This device samples the five most
significant bits of the Processor CCA address bus, and generates seven mutually
exclusive chip select signals -- CS1 - CSq and CS6 - C58. The chip select signals are
used to enable individual devices within the DPC Centronics-Compatlble Interface.I
Refer to table 2-3 for the)function of each chip select signal.

i

2. Interface Control Latch U37 - This device is connected to
data bus DBI - DBg, and forms the input half of th e two-way communications path
between the Processor CCA and the DPC Centronics-Compatible Interface. To
latch information into U37, the Processor CCA turns on CS#, along with memory
write signal MEMW. Bit designations are as follows:

LSB DBUF1 = Load Buffer
DBUF2 = Ready
DBUF3 = On Line
DBUFt_ = --
DBUF5 = - -
DBUF6 = LD (Error)
DBUF7 = Condensed

MSB DBUF8 = PE (Paper Empty)

3. Interface Information Latch U3g - This device is connected
to data bus DB1 - DBg,'and forms the' output half of the two-way communications
path between the Processor CCA and the DPC Centronics-Compatible Interface.
Since U38 has no storage capability, information is collected from different flip-
flops within the DPC Centronics-Compatible Interface. To read the contents of
U3g, the Processor CCA turns on chip select signal CS3 along with memory read
signal MEMR. Bit designations are as follows:

LSB DBUFI = BUFFER FULL

DBUF2 = ON/OFF LINE Acknowledge
DBUF3 = DAVFU FAULT
DBUF_ = DAVFU/PRINT*
DBUF5 = SELECT
DBUF6 = CONDENSED

i DBUF7 = EXPANDED

DBUF8 = DPC/CEN * (Always low in the DPC
Centronics-Compatible Interface)

4. First Interface Port U53 - Connected between data buses

DBUF1 - DBUF8 and DBI - D'B8, this device serves as the bi-directional data port
between the Processor CCA and the DPC Centronics-Compatible Interface. The
expression: ADRI5 (MEMW + MEMR), implies that U53 is enabled any time the
Processor CCA performs a memory write or read to or from the DPC Centronics-
Compatible Interface.

5. second Interface Port U36 - Connected between data buses
DBI-DB8 and RDBI-RDBg, this device 'channels data bidirectionally between the
line buffer U20/U8 and! the Processor CCA and current address information from
U21 to the Processor CCA. It is enabled by chip select signal CS12', with MEMW*
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controlling direction of data flow. When MEMW* is active, data flows from bus
DBI-DBg to bus RDBI-ROBg; when MEMW* is not active, data flows from bus
RDB1-RDBS to bus DBI-DBS.

6. Lower and UP.L__rTape Channel Ports U23 and U22 -Together,
these two devices route the tape channel information from the optional TCVFU
through U53 to the Processor CCA. Two memory read operations are required to
transfer the full complement of TCVFU bits over the g-bit DBUF1 -DBUFg bus --
first, the lower half, using chip select signal CS7, followed by the upper half, using
chip select signal CS4.

NOTE

The operations described in this paragraph involve the
transfer of tape channel information from the TCVFU to the
Processor CCA, and occur when the operator' presses the
tape reader switch on the TCVFU unit. Ultimately, this
information is transferred from the Processor CCA to the

DPC Centronics-Compatible Interface and is stored in line
buffer U20-Ug. Refer to paragraph 2.g.lf for TCVFU
loading details.

7. Option Configuration Port U39 - This device transfers
information from the option configuration switches that plug into the Mother Board
and connect through P2 to the DPC Centronics-Compatible Interface. To read the
contents of the option configuration switches, the Processor CGA performs a
memory read operation with the address bits configured for CSg. With CSg active,
the path is open between U39 and DBUFi - DBUFg through U53.

g. Last Address Port U21 - This device channels the contents of
the address counter U3gfU35 tO the Processor CCA. At the end of a data load
operation, the address counter always points to the line buffer location where the
last character is stored. During buffer interrogate, the Processor CCA examines
each location of the line buffer, starting with the location pointed to by the address
counter. To accomplish this, the Processor CCA performs a memory read operation,
with the address bits configured for CS2. With CS2 active, U21 along with US1 and
U36, are enabled, opening the path between the address counter and data bus
DBUF I-DBUFg.

9. Buffer Driver Ui9 - This driver channels user data to the line

buffer U20-U$. During data load operations, signal LOAD* is active, opening the
path from data bus NDBI-NDBg through UI9 to DATA BUS RDBI-RDBg. Data on
NDBI-NDBg is always in ASCII form.

10. Line Buffer U20-Ug - The line buffer is a 1K x g RAM, used

for storing print and ¥FU Jata. It is accessible, on a time-shared basis, to the
circuits internal to the DPC Gentronics-Compatible Interface as well as to the
Processor GCA. When ASCII-coded user data is under internal control, as specified
by LOAD*l, it is channelled through U19 and written into a location in the line
buffer specified by address bits A0 - A9 and clocked by DATA STROBE*. In this
case, the address bits are obtained in part from the address counter (USi enabled),
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and in part from flip-flop U I0 (DAVFU/PRINT*), through U_7. Address bit A9 is
low when the data is a print or control character, selecting the lower half of buffer
locations. Address bit Ag is obtained from the most significant address counter flip-
flop U34.

When under control of the Processor CCA, as specified by
CSI, data is either written into or out of the line buffer. Direction of data flow is
controlled by mutually .exclusive signals MEMW and MEMR, and the data is
channeled between buses RDBI-RDB8 and DBI-DB8, through U36. With CS! active,
chip USI is disabled and chips U52 and U_9/U7 are enabled. Accordingly, buffer
location address is determined by the configuration of buffer address bits ADR0-
ADRg. The Processor CCA writes into the line buffer during buifer interrogate or
when storing TCVFU data. Typically, data is read out of the line buffer when
printing.

1l. Address Counter Driver US! -This device channels eight of
the address counter bits A0-A7 to e_ther' the line 'buffer or to the Processor CCA.

When loading user data, LOAD* is active and C52 is inactive, and the line buffer
location address is channeled from the address counter through USI to the line
buffer. During buffer interrogate, LOAD* is inactive and C52 is active, and the
address counter points to the last buffer location where the control character is
stored. Accordingly, this information is channeled through US1, U21, and U36 to
data bus DBUFi-DBUF8, and then to the Processor CCA.

12. ASCII Inverter U l8 - This device is active when the printer
operates without code conversion. It inverts ASCII-coded user data to bus NDBI -
NDBg, which is destined for the line buffer.

13. Code Converter MEM2 (Optional) - This device is active when
the printer operates with code conversion. It converts user data of a specified code
into ASCII format to bus NDB/- NDB8, which is destined for the line buffer.

14. User Data Inverter U31-U32 - This device is active during
data load, and is used to invert and condition user data of any code destined for
either uIg or MEMI, as applicable.

15. Data Decoder MEMI - This 256 x 8 PROM monitors user data

at the ND[51 - NDB8 level for the presence of a special character. Dy definition, a
special character is anything other than a print character, and includes the
following:

(a) SEL/DESEL - The user has selected or deselected the
printer.

(b) CR/LF - The user has transmitted a carriage return or a
line feed.

(c) DAVFU START

(d) DAVFU STOP
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(e) VFC - The user has transmitted a vertical format code
accompanied by a paper instruction signal. Valid only
when either TCVFU or DAVFU option is incorporated in
the printer.

(f) CONDENSED - User-programmed horizontal pitch.

(g) EXPANDED - User-programmed horizontal pitch.

t6. Count Decoder MEM3 - This t28 x $ PROM monitors the

output of the address counter for critical counts, as follows:
- -..

(a) 132/220 = Top Count, respectively for normal or
condensed horizontal pitch.

(b) 222 = Maximum buffer toad.

(c) 510 = Maximum DAVFU count.

17. Address Counter U30-U35 - Together with U25, U3_-U36
forms a 9-bit binary counter with a capacity of 512. Clocked by signal ACKLG in a
binary sequence, it is used during data load to form the line buffer address bits A0-
Ag. Bit A9 is controlled by flip-flop U10. Counter U3_-U35 is turned off when

signal SKVP is inactive, when signal DAVFU FAULT* is active, or when signal STOP
'_ LOAD* is active. Signal 5KVP is inactive when either a condensed or expanded

code is received, or when a CR code is received and auto line feed is not in effect.
Signal DAVFU FAULT* is obtained from flip-flop U10. Signal STOP LOAD* is
active when the total number of print characters exceed 222.

Counter U3_-U35 is initialized at the start of the data load

cycle by signal LD BUFFER PL*, or when the user activates signal INPUT PRIME*.
When initialized, counter U39-U35 is preset to a count of 1, so that user data is
never loaded in location 0 of the line buffer.

18. DAVPU/PRINT* Flip-Flop UI0 - Flip-flop UI0 defines the
nature of the data supplied by the user during the data load cycle. When reset, it
indicates that the current user data consists of print information. Reset initially by
signal LD BUFFER PL*, flip-flop UI0 will stay reset unless A DAVFU START code
is detected by MEM2. On detection of a DAVFU START code, Ut0 sets and remains
set for the duration of that data load cycle. Signal DAVFU/PRINT* is used during
the data load cycle to form the most significant line buffer address bit A9. It is also
used as a status bit channeled through U38 to the Processor CCA.

19. DAVFU FAULT* Flip-Flop U25 - This flip-flop is set when a
DAVFU fault condition is detected, and is used as one of the status bits channelled
through U3g to the Processor CCA. DAVFU fault condition occurs when the number
of DAVFU characters supplied by the user is odd, or when the number of DAVFU
characters exceeds 510.
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20. Condensed, Expanded FliL_-Flops U2_.A and U2_B - These flip-
flops store horizontal pitch information specified by the user in the form of
horizontal pitch commands. The user may transmit either of the two horizontal
pitch commands at any time during the data load cycle. From the flip-flops, the
information is channelled through U38 to the Processor CCA. Then, during the
subsequent print cycle, the entire line is printed with a horizontal pitch as specified.
At the start of the next data load cycle, flip-flops U2gA and U2gB are cleared by
LD BUFFER PL*.

21. Load Control - The load control is a group of circuits that
controls sequential ooeration of the DPC Cenzronics-Compatible interface. !ts main
function is to ensure that user-supplied print and DAVFU data is loaded in
appropriate locations within the line buffer.

d. Sequential Operation (Figure 2-23)

The following paragraphs describe the sequence of major events
involved in the operation of the DPC Centronics-Compatible Interface. Sequential
operations are, for the most part, under control of the load control circuit group,
shown in the block diagram in figure _-22. The following topics are included, each
keyed to a flow diagram:

General Operation

Data Load Cycle
f-

User-Controlled 5elect/Deselect

1. General Operatioq (Figure 2-23) - Following initialization,
the DPC Centronics-Compatible Interface is in an inactive state, monitoring the
condition of the ON LINE signal. When the Processor CCA activates the ON LINE
signal, an ON LINE ACKNOWLEDGE signal is returned to the Processor CCA. No
further action occurs until the Processor CCA activates the LOAD BUFFER signal.
Upon receipt of signal LOAD BUFFER, flip-flops LOAD and 5LT are set, and BUSY
reset. Then, on the trailing edge of LOAD BUFFER, flip-flop BUFFER FULL is also
reset. The condition LOAD BUFFER FULL* implies that the DPC Centronics-
Compatible Interface is now in the data load cycle, and the line buffer cannot be
accessed by the Processor CCA. The condition 5LT BUSY* informs the user that
data can now be accepted.

During the data load cycle, user data is loaded, one character
at a time, in the line buffer. The data load cycle ends upon receipt of a termination
code (LF, CR, FF, or VFC), or when maximum count is reached and auto print is
enabled. Auto print is a switch-selected feature that automatically terminates the
data load cycle upon receipt of 132 characters (normal print) or 220 characters
(condensed print).
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NOTE -_

Should the Processor CCA go off line while the DPC
Centronics-Compatible Interface is in the midst of loading
data, the off line signal will not be acknowledged until the
completion of the data load cycle.

Following completion of the data load cycle, flip-flops BUSY
and BUFFER FULL are set, and LOAD is reset. The condition BUFFER FULL
informs the Processor CCA that user data is now present in the line buffer and
available for printing. Signal BUSY informs the user that further data will not be
accepted until the BUSY condition has been lifted.

The on line signal is next monitored for a possible off line
condition. If ON LINE is still high, the sequence loops back to the LOAD BUFFER
decision block. If ON LINE is low, it is acknowledged immediately. Flip-flop SLT is
then reset, informing the user that the printer is deselected.

2. Data Load Cycle (Figure 2-24) - The cycle begins when the
user raises DATA STROBE, indicating that a character is available on the data lines.
On the rising edge of DATA STROBE, an acknowledge delay timer is started, and
the character is stored in location I of the line buffer. In addition, the character
just stored in the line buffer is examined for the presence of special codes, such as a
condensed or expanded code or a DAVFU start code. If applicable, a test is also
made to determine if a DAVFU fault exists. If any of these conditions is
encountered, the applicable flip-flop is then set on the trailing edge of DATA
STROBE. Otherwise, the character is tested for Ck. If CR is received but not
enabled, the BUSY flip-flop is set and the BUSY timer is started. When the BUSY
timer expires, the BUSY flip-flop is reset. If CR is received and enabled, if any
other control character (FF, LF, or VFC) is detected, or if a maximum count is
reached and AUTO TERM is enabled, the acknowledge delay timer is tested. When
the acknowledge delay timer expires, the DATA STROBE is acknowledged, and the
data load sequence exits and returns to the general sequence.

Under any other circumstances, such as no control character
and no maximum count, the sequences do not exit but loop back toward the DATA
STROBE decision box. First, the acknowledge delay timer is monitored and, when
expired, the DATA STROBE is acknowledged. If no skip count condition exists, the
address counter is incremented. Skip count condition exists if any of the following
has been detected:

Condensed or expanded code
4

DAVFU error

Carriage return code (CR) was raised, but the CR
function is disabled.

3. Select/Deselect (Figure 2-25) - Before the DPC Centronics-
Compatible Interface can receive data from the user, it must be selected. The DPC
Centronics-Compatible Interface can be selected either by the operator pressing the
ON LINE switch or by the user transmitting a select code (octal 021). Once
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........_ selected, the DPC Centronics-Compatible Interface can be deselected either by the
operator pressing the ON LINE switch or by the user transmission of a deselect code

" (octal 023). The general flow diagram shown in figure 2-23 assumes that the
select/deselect function was effected by the operator pressing the ON LINE switch.
The sequence shown in figure 2-25 depicts user-transmitted select/deselect codes
and is described in the following paragraphs:

fa) Select (Figure 2-25) - The sequence begins when the user
transmits a select code accompanied by DATA STROBE. On the trailing edge of
DATA STROBE, flip-flop SLT is set, and a SELECT signal is transmitted to the
Processor CCA. Assuming that READY is active (no further action will take place
if READY is inactive), signal 5LCT is transmitted to the user, indicating that the
DPC Centronics-Compatible Interface is selected. However, at this point, the
BUSY flip-flop is still set, and data cannot be accepted from the user.

At a later point in the sequence, the Processor CCA wQl
respond to the SELECT signal transmitted earlier by raising signal ON LINE. With
ON LINE high, an acknowledge signal is returned to the Processor CCA. In
response, the Processor CCA transmits a LOAD BUFFER signal. With LOAD
BUFFER high, the BU5Y flip-flop is reset_ and the DATA STROBE signal is
acknowledged9 indicating that the DPC Centronics-Compatible Interface is now
ready to receive data from the user.

(b) Deselect (Figure 2-25) - Action starts when the user
transmits a deselected code accompanied by DATA STROBE. On the trailing edge

- .. of DATA STROBE_ flip-flop SLT is reset. With SLT rese% signal SELECT is reset to
the user. At the same time, flip-flop BUSY is se% and signal BUSY is transmitted to
the user.

m

Later in the sequence, the Processor CCA responds by I
dropping the ON LINE signal. With ON LINE low_ an OFF LINE ACKNOWLEDGE

Isignal is returned to the Processor CCA.

NOTE

Should the user transmit a DESELECT code during a data
load cycle_ no OFF LINE ACKNOWLEDGE signal will be
transmitted to the Processor CCA at this point.

Following acknowledgement of the OFF LINE signal,
DATA STROBE is acknowledged, completing the DESELECT sequence.

2.5 PROCESSOR CCA (Figure 2-26)

The following paragraphs contain detailed functional descriptions of the
Processor CCA. The Processor CCA is a microprocessor-based pre-programmed
conyuter that functions as the printer's controller. As shown in the simplified block
diagram in figure 2-26, the Processor CCA is interfaced with the other circuit card
assemblies via the interface (I/F) port and input/output (I/O) port. The following
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discussion of the Processor CCA's control over the I/F and i/O port communications
assumes that the circuit card assemblies are integrated as a system. Detailed logic
diagrams are provided in volume II of this manual.

2.5. I Functional Organization (Figure 2-27)

The Processor CCA is organized as shown in figure 2-27 and is
comprised of the following functional elements:

CPU and Control Section

Program Memory

Character Generators

I/F Port Transceiver

I/O Port Transceiver

Memory and I/O Decoding Logic

Status and Data Registers

Address and Communications Bus Structure

-'_ a. CPU and Control Section

The CPU and Control Section is comprised of the 822g Clock
Generator, the 8228 system controller, and the 80g0 Control Processing Unit (CPU).
These three devices synchronize and control all printer operation. Operating
instructions read from program memory are carried to the 80g0 microprocessor
chip, via the system controller, over the internal data bus (D bus). The g-bit data
bus is connected to both I/F and I/O port transceivers, thereby establishing a
communication link between the 8080 microprocessor chip and any addressable
device.

The two basic operations performed by the CPU and Control
Sectionare the read and writeinstructions.Informationis read intothe 8080

microprocessorchip,isprocessed,and isthenwrittenoutto one of thedeviceson
the Processor CCA I/F or I/O port. The signals MEMORY READ and MEMORY
WRITE control direction of data flow.

Since the data bus is shared by most of these devices, each device
must have tri-state outputs and must remain in the off state until enabled. Each
device is assigned a 16-bit code address. When the g080 microprocessor chip outputs
the address of a device, that device becomes enabled, and information may be read
from or written into it.

I. Control Signal Definitions - Table 2-10 contains a list of
signals and their definitions used by the CP and Control Section.
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TABLE 2-10. CPU AND CONTROL SECTION SIGNALS

Signal Definition

I INT Interrupt - counts the encoder marks.

INTE Interrupt Enable - the 80g0 microprocessor chip will
acknowledge interrupts.

i INTA Interrupt Acknowledged = causes the program to jump to the
I proper point upon receipt of the encoder marks.
I

WAIT A response that the g080 microprocessor chip is in an idle
mode.

0l The 2 mhz dock, II0 ns on_and 385 ns off (0-i2V).

02 The 2 mhz clock,275 ns on,and 220 ns off (0-/2V).

RESET A clear signal to the g0g0 microprocessor chip resulting from
the power up delay signal POWER RESET* to the 822_ clock
generator.

SYNC Output by the g080 microprocessor chip to mark the start of
the instruction cycle.

02TTL 0-5 volt Phase 2 output.

DSC The 18 mhz output.

WR* A write instruction is being performed.

DBIN Data Bus In, a read instruction is being performed.

BUSEN* The chip enable for the system controller.

MEMW* Write contents of the Data Bus into a device.

MEMR* Read contents of a device onto the Data Bus.

STATUS A low true construct of SYNC or POWER RESET* which allows

STROBE* the system controller to latch status bits and to reset automati-
cally on power up.

I , u.............

2. Operating States - This paragraph describes the g0g0
microprocessor chip operating states: Write Operation, Read Operation, Interrupt
Operation, Ready Condition, Reset Condition, Sync Operation_ and Bus Enable.
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(a) Write Operation - Signal WR* will go low whenever a
write instruction is performed, allowing information from the microprocessor chip
to pass through the system controller and onto the data bus.

(b) Read Qperation - Signal DBIN (Data /Sus in) goes high
when information on the data bus is to be received by the gO$0 microprocessor chip.

(c) Interrupt Operation - When enabled, the $0g0
microprocessor chip can be interrupted by signal INT, which is used to count the
encocler marks as the shuttle is moving. After the interrupt has been serviced, the
2080 microprbcessor chip will resume normal operation at the point in the program
where it was interrupted.

(d) Ready Condition - Signal RYDIN to the clock generator
is synchronized and passed onto the 8080 microprocessor chip when a ready
condition exists. Without the READY signal, the microprocessor chip will be in a
WAIT or iDLE mode.

(e) Reset Condition - Signal POWER RESET + (Reset into
the Clock Generator) is synchronized and set to the g080 microprocessor chip as
RESET, thereby clearing the microprocessor chip set and starting program execution
at address zero.

(f) Sync Operation - Before each instruction is performed,
the g0g0 microprocessor chip conditi°ns the control bus by output,lng signal SYNC
to the Clock Generator, where it is synchronized and sent as signal STATUS
STROBE to the System Controller. This information is latched into a register that
outputs the contents of the control bus.

(g) Bus Enable - Signal BUSEN + (Bus Enable) will enable the
System Controller when low.

3. CPU and Control Section Timing - All operations performed
by the $080 microprocessor chip must be synchronized. The Clock Generator
establishes the timing and synchronization for the following signals:

(a) Clock 01-02 - The Clock Generator is crystal controlled
and outputs a two-phase clock to the 80g0 microprocessor chip to establish the
Phase 1 and Phase 2 timing.

(b) Oscillator - The oscillator output (OSC) from the Clock
Generator is the frequency of the crystal, which is nine times faster than the
system's rate of operation.

(c) TTL 02 - Signal TTL is the logic level Phase 2 clock.

4. 822t_Clock Generator - At the start of the print cycle, the
S0g0 microprocessor chip cissues status information on its data bus on the type of
action to take place during that cycle. By bringing the SYNC signal from the CPU
and Control Section and fating it with an internal Phase IA timing signal, a low
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strobe is derived. This occurs at the start of each print cycle, as soon as the status
information is stable on the bus. Signal STSTB* (Status Strobe) connects directly to
the $22g system controller.

Power up reset signal POWER RESET* also generates
STSTB* which automatically resets the System Controller.

The generation of the automatic system reset and start up
upon initial power up is accomplished by the S224 Clock Generator. An external RC
network is connected to the RESIN* input. The slow transition of the power supply
rise is sensed by an internal Schmitt trigger. This circuit converts the slow
transition into a clean, fast edge when its input reaches a predetermined value. The
output of the Schmitt trigger is connected to a D-type flip-flop which is clocked by
the Phase 2D internal timing signal. The flip-flop is synchronously set, and the
RESET signal is withdrawn from the g080 microprocessor chip. The RYDIN* (Ready
In) signal is connected to a D-type flip-flop and is also clocked by Phase 2D. Its
output, READY, is sent to the g080 microprocessor chip. The.g22g single chip Clock
Generator/Driver contains the following:

(a) Crystal-Controlled Oscillator - Two inputs are provided
for the crystal connections XTALI and XTAL2. The selection of the external
crystal frequency depends mainly on the speed at which the $0g0 microprocessor
chip is to be run. Basically, the oscillator operates at nine times the desired
microprocessor chip speed. The crystal selected for the printer is 18 mhz.

-_ (b) Clock Generator - The Clock Generator consists of a
synchronous divide-by-nine counter and all the associated decode gating needed to
create the wavetorms of the two 8080 microprocessor chip clocks and auxiliary
timing signals. The waveforrn generated by the decode gating is a 2-5-2 digital
pattern.

The Phase I and Phase 2 clocks generated can be thought
of as consisting of units based on the oscillator's frequency. Assume that one unit
equals the period of the oscillator frequency. By multiplying the number of units
contained in a pulse width or delay, times the period of the oscillator frequency_ the
approximate time in nanoseconds can be obtained.

(c) High Level Drivers - The outputs of the Clock Generator
are connected to two high level drivers for direct interface to the g0g0
microprocessor chip. TTL level Phase 2 is also generated for external timing
purposes.

(d) Auxiliary L_ic Functions - Several other signals are
generated internally so that timing of the auxiliary flip-flops (READY, RESET_ and
STATUS STROBE) can be achieved.

§. 8228 $3rstem Controller - The 8225 is a single chip system
controller and data bus for the microprocessor. It generates all control signals
required to interface directly with RAM, ROM, and devices on both I[F and I/O
ports. The bi-directional bus driver is controlled by signals from the gating array so
that proper bus flow is maintained, and its outputs can be forced into their high
impedance state (tri-state) for direct memory accessing activities.
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At the start of each print cycle, the $0g0 microprocessor

chip issues on its data bus status information that indicates the type of activity that
will occur during the cycle. The system controller stores this information in a
status latch when the STSTB* (status strobe) information goes low. The output of
the status latch is connected to the gating array and is part of the control signal
generation.

(a) Gating Array - The gating array of the 8228 system
controller generates control signals MEMR*, MEMW*, I/O R*, I/O W*, and INTA*
by gating the outputs of the status latch with signals DBIN*, WR+, and HLDA*,
from the g0g0 microprocessor chip.

(b) Read Operation - The read control signals MEMR +, i/O
R*, and INTA* are derived from the logical combination of the appropriate status
bits and the DBIN input from the g0g0 microprocessor chip..

(c) Write....... Operation - The write control.signals MEMW* and
I/O W* are derived from the logical combination of the appropriate status bits and
the WR* input from the g0g0 microprocessor chip.

(d) Interrupt - The ENC INT REQ + interrupt signal is
automatically gated onto a bus internal to the g0g0 microprocessor chip. Each
interrupt Will cause a jump to a specified location in the program memory. The
system controller is set up so that when DBIN input is active, the instruction is
gated onto the internal data bus (D Bus) when ENC INT REQ* is acknowledged.

(e) Bus Enable - The BUSEN* (bus enable) input will enable
the system controller when low. Since a single system controller is used on the
printer, this signal is tied to ground.

b. Program Memory

The pr_ogram memory and character generator consists of

Programmed Read Only Memory chips (PROMs) MEMI through MEMS. A map of
this memory structure is shown in figure 2-28. Enabling any of the various memory
devices is a function of the memory and I/O decode logic shown in table 2-12.

As shown in figure 2-28, the program memory is partitioned into
dedicated segments comprising the program control section, input/output ports,
status and data buffer registers, and right and left character generation segments.

1. Program Control Section - The program control section is the
main portion of the memory, co°rdinating the sequence of operation for correct
printer operation. The program control section performs the following tasks:

Monitors all printer switches.
[

Controls two-way status and data exchange with the
Interface CCA.

Controls the shuttle servo motor for speed and direction.
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Moves paper as required by controlling the paper feed -
stepping motor.

Prints data by controlling the firing of the print wires.

c. Character Generators

This section of the memory contains the tables which specify the

print wire(s) to be fired for each printable character. Figure 2-29 shows an example
of character generation. The vertical columns (dot columns) represent seven of ten
equally spaced segments of a character column. Columns eight to ten are used by
the control program for character spacing. The dot column data corresponds to the
encoder-generated interr_upts input into the g080 microprocessor chip. Each
horizontal column represents one of seven print wires in the print head to be fired
when printing a character.

Each dot column represents one byte (g bits) of data which
determines if a dot is to be printed. Since there are only seven wires per wire bank,
bit g is always a zero. As shown in figure 2-29, dot column zero has a dot in
positions 1 and 7, which corresponds to a hex _1. In dot column 6, positions 2, 3, 5,
and 6 have dots which correspond to a hex 36.

The data is stored in consecutive bytes within the character

generator. These are addiessed by a combination of the binary equivalent of the dot
column number plus the binary equivalent of the seven-bit ASCII code for the
character being printed. The most significant bit of the address is a zero for the r.
left bank and a one for the right bank. Table 2-11 provides an example of the ASCII
code dot column number addressing.

NOTE

In the M120 printer, data for each character is accessed the
same way as in the M200 printer; i.e., from both the right
and left halves of the character generator. However, the
collected data is then printed by the same (the only) bank of

print wires, i

TABLE 2-I1. ASCii CODE/DOT COLUMN NUMBER ADDRESSING
....... _L

" Dot Column [ Address (Hex)
I ASCII Code Number [ Left Right

I 0 0 0 0 1 0 0 0 0 210 610
I 0 0 0 0 I 0 _ 0 0 I 211 611
I 0 0 0 0 I 0 0 I 0 212 612
1 0 0 0 0 I 0 0 I I 213 613
1 0 0 0 0 1 0 I 0 0 21_ 6It,
I 0 0 0 0 I 0 1 0 i 215 615
1 0 0 0 0 I 0 I I 0 216 616
I 0 0 0 0 I 0 I I I 217 i 617

Note: For international characters 80 H - 9FH, bit 8 is
dropped, and addressing starts at OH .
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f-.

DOT COLUMN

0 1 Z 3 4 5 6 7
I I

I _ t_ _

Z J_ -t_i

-.. 3 _,j '-' _,W i
WIRE NUMBER

i (BIT NLPMER) 4 _t i _ _ f

5 j_ , jl_

6 J_ _ _ t_
_tl %J

7 _t _ %J

, I i
L*L*R R L_R R

WIRE BANK
..... ASS IGI'_MENTS

L R

0 41H O0

1 3EH 0 H

Z OH 41 H

3 OH 08H

4 41H O0 H

5 08 H OH

6 OH 36H

A DOT = 1

NO DOT = 0

*M200 ONLY. THE M120 _S ONLY _51_.4_
ONEWIRE BANK.

Figure Z-Z9. Example Of Character Generator Structure
/
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The addressbus to the character generatorhas been arranged so

that a 16-bitaddress willaccess the data for each dot column. The lower byte of
the address is the same as the ASCII code for the character being printed. The
lower 3 bits of the upper byte are the dot columns being printed at that particular
moment. The upper byte is either a t H or a 6H, depending on whether the data is
for the left or right bank of wires.

For dots printed by the same wire, there are a minimum of three
dot columns between the dots. This spacing allows for the cycle time needed for the
wires. Cycle time is the total amount of time required for a wire to go from a rest
position To a full extension and then back to a rest position.

d. Interface Port Transceiver

The Processor CCA communicates with the various interface

configurations described in paragraph 2.3 via the I/O port transceiver U28, using
address bit Al5. Control and status information and data exchanged between the
Processor CCA and the Interface CCA are transferred over the 8-bit DBUF bus.
The information exchanged between the two CCAs and the input/output devices
which interface the Interface port transceiver is described in paragraph 2.5.3 and
illustrated in figure 2-28. Another function of the Interface port transceiver is to
supply status information to the optional status display using chip select signal
CS16 *. The interface port transceiver operation is shown in the following truth
table.

MEMR* AIS* CS16_ Function

I 0 I Write Data to I/O Port
I 1 0 WriteData to Display
0 0 I Read Data from I/F Port

= Active in the low state
X = Don't care condition

e. I/O Port Transceiver (U27)

The Processor CCA communicates with the print, paper advance,

ribbon advance, and shuttle movement control electronics via the I/O bus
transceiver U27. A detailed description of the I/O port functions is provided in

paragraph 2.5.4 and illustrated in figures 2-32 and 2-33. The I/O port transceiver is
shown in the following truth table.

C56' MEMR* Function

0 0 Read from I/O Port
0 I Write to t/O Port

= Active in the low state
X = Don't care condition
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f. Memory and I/O Decoding Logic

A unique device within the program memory and character
generator section is enabled by memory decoder U8. The memory decoder uses a 5-

bit address scheme (bits 11-15) to select one of eight memory devices. I/O decoding
is performed by U0, which uses a 9-bit address scheme (bits 0-3 and 11-15). Table 2-
12 below liststhe memory deviceenable signalsand theirfunctions.Refer to table
2-15 forthe deviceenableselectionsignalsand theirfunctions.

TABLE 2-12. MEMORY DEVICE ENABLE SIGNALS

Address Bit Configuration Chip Select
15 10 13 12 11 Signal Function

_.m .· , J

0 0 0 0 0 CSl* i WithC52', enables MEMI
0 0 0 0 0 C52* With CSl, enables MEMI;

enables MEM2
0 0 0 I 0 C53 + Enables MEM3
0 0 0 I I CS0* Enables MEMO and MEM3
0 0 I 0 0 CSS* Enables UI§ and U10
0 0 1 I 0 C56' Enables U27

I
!_

g. Status and Data Registers

The Status and Data Registers are random access memory chips
UI0 and UIS. These elements are linked to form 8-bit-wide registers, used to store
the status of each device that controls the printer operation and to provide
temporary storage for print or VFU data. Table 2-13 lists the locations addressed by
the CPU and Control Section and the function of each location.

TABLE 2-13. STATUS AND DATA REGISTER ADDRESS AND USAGE

Address (Hex) Usage

2000-2055 Processor CCA RAM used to store the self test pattern.

208F Counts the number of times used to store the self test pattern. ;

2090 Dot column counter. Its value is incremented (or decremented)

by each encoder mark, depending on the direction in which the
Motor Driver CCA is moving.

2091 Character column counter. Its value is incremented (or
decremented) each time a new character is accessed.

2092 True condition bit used to determine if a switch change is real
or caused by noise.
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TABLE 2-13. STATUS AND DATA REGISTER ADDRESS AND USAGE
(_td)

...... i

i AdJre;s(.ex) Usage
,i

2093 InterfaceCCA RAM statusregister.Isset ifInterfaceCCA is
installed.

2094 Registercontainingthe lineterminationcode receivedfrom the
; InterfaceCCA.
i

2095 ShuttleSpeed compressed printflag.

2096 Out of Paper Status Register.

2097 Non-underline printable character flag which is set each time a
printable character is decoded.

2098 Printable character bit which is set whenever a line of data
contains printable characters.

2099 No paper motion status register. Set to 01H each time paper
has been moved, which inhibits paper motion.

209A Expanded print bit which is set when a line of data contains an
expanded code.

209B Multiple line feed bit which is set whenever a form feed or VFU
command is received.

209C Underline bit which is set whenever an underline code is
received.

20AC Contains print data for the right bank of wires.
L

20AD Contains control information for the Interface CCA (on line,
load buffer, etc.).

20AE Contains print data for the left bank of wires.*

20AF Contains the ASCII code for the right bank of wires.

2050 Contains the ASCII code for the left bank of wires.*

*In the MI20 Printer, all data are printed by the right bank of wires.
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TABLE 2-I3. STATUS AND DATA REGISTER ADDRESS AND USAGE
(Contd)

Address (Hex) Usage

20BI Register that contains information to determine which way to
move the shuttle in order to print the next line.

20153 Contains forms length select switch setting. Used to initialize
register 20At_H and update any FLS changes.

20B3 Horizontal velocity bit used to detect a change in shuttle speed.

20B6 Temporary storage register for print data. Used for expanded
print.

20B9 Register that contains information calculated for seeking
horizontal position of the shuttle. Used to determine the
fastest way to move the shuttle to print the next line.

...._ 20BB Contains the start of line character column count value.

20BC Contains the end of line character column count value.

20BD Contains information for output port 3008H.

20BE Contains information for output port 3007H.

20C0 Counter used to detect the absence of encoder marks.

20CX Counter used for 2#0 line shutoff for self test.

209C Underline bit which is set whenever an underline code is
received.

209D Partial paper feed bits one and two. Set for underlining.

209F Self test bit which is set when the printer is in the self test
mode.

20A0 Character column counter right. Counts multiples of l0
encoder marks for the right bank of wires.

'x

*In the MI20 Printer_ all data are printed by the right bank of wires.
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TABLE 2-13. STATUS AND DATA REGISTER ADDRESS AND USAGE
(Contd)

Address (Hex) Usage
! J .... =:

20Al Character column counter left.Counts multiplesof 10 encoder
marks forthe leftbank of wires."

20A2 Contains the character column counter value of th o first
character in the line.

20A3 Contains the character column counter value of the last
character in the line.

20A# Contains the number of printable lines remaining in the form.
It is decremented each time paper is moved.

20A5 Contains the number of printable lines in a form. Based on
vertical pitch, forms length select switch setting, and variable
format information.

20A6 Overprint counter, set to 12 initially. Decremented whenever
an overprint occurs.

20A7 Contains either a carriage return, line feed, or form feed code.

20Ag Contains the number of lines for perforation skip.

20A9 Contains the upper 8 bits of print buffer address.

20C2 Register used as a timer for various printer operations.

i
20C3 Registe r used as a timer for various printer operations.

20C_ Counter used to allow only five successive reads of a vertical
format tape.

20C5 Vertical format-loaded status register. Set whenever vertical
format data has been loaded, or any vertical format faults have
been cleared.

20C6 Contains lower byte of vertical format memory address.

*In the M120 Printer, all data are printed by the right bank of wires.

/
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m

!

TABLE 2-13. STATUS AND DATA REGISTER ADDRESS AND USAGE
(Contd)

Address i

(Hex) Usage
I

20C7, Contains upper byte of vertical format memory address.

20C8 l_ower byte of direct access vertical format counter.

20CA Forms length count value for bottom of form position.

20CB Forms length count value for top of form position.

20CC Bottom of form for perforation skip.

20CD Go to top of form for perforation skip.

20CE On line flip-flop status register. Used to check for changes in
the state of the on line flip-flop.

20CF Bit set when a carriage return code terminates a line of data
containing an underline code. Inhibits paper motion.

20D0 Print head shuttle position seeking bit, set whenever the shuttle
is moving the print head.

20DI Top count code used with the DPC Centronics-Compatible
Interface CCA. Used with auto print feature.

20D2 3og timer bit which is set after a jog. When set, will cause a
time delay to allow the shuttle speed to settle before further
movement occurs.

20D3 Double termination code bit which is set when a line of data
contains a termination code only (LF, CR, or FF).

20D# Carriage return only bit which is set when a carriage return
code terminates a line of data.

20D5 CR Only flag. Set when a carriage return terminates a line of
data.

20D6 CRLF flag.
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h. Address and Communications Bus Structure

The Processor CCA uses a four-bus system to address and
communicate with its various internal elements, the Interface CCA, the Wire Driver
and Motor Driver CCAs, and the operator control panel. The following buses
comprise the address and communications bus structure: D Bus, DBUS Bus, DBUF
Bus, and Address 5us.

I. D Bus - The D bus is an g-bit bus which interfaces the CPU
and Control Section with the I/O port transceiver (U27), I/F port transceiver U28,
the program memory and character generator, and the status and data registers U I#
and U 15.

2. DBUS Bus - The DBUS Bus isan g-bitbus which interfaces

the I/O porttransceiverU27 with the variousI/O portdevices.

3. DBUF Bus - The DBUF Bus is an g-bit bus which interfaces
the Processor CCA with the Interface CCA and the optional status display on the
control panel.

4. Address Bus - The address bus is a 16-bit high true bus used
for memory addressing and chip selection. The high true state is used for addressing
the interior elements of the Processor CCA (bit 15 is always low). The address bus is

routed through inverters and transferred to the Interface CCA in the true state.
(Bit I5 must be in the high state when an internal element of the Interface CCA is to
be addressed),

2.5.2 Initialization for Interface and Input/Output Port Communicatio n

Before the I/F and I/O ports can be enabled for data transfer,
wire firing, ribbon advance, and paper advance operations, the printer must be
powered up and the initialization and operating status verification sequences must
be performed.

a. Power LUI_PWR RESET*

When PWR RESET* goes active, the CPU and Control Section will
perform the following functions:

1. Disable Interface Control Latch 9000 H by writing a 00 H.
Status is written into Status and Data Register 20AD H.

2, Read Option Configuration Switch data from interface port
Bg00 H.

3. Write a B3 H to I/O port 300g H to drive the [.per Feed
Stepping Motor to Phase One, and then a BE to lock the motor to Phase One. This
phase of this operation is stored in Status and Data Register 3006H.

4. Read Perforation skip data from the Interface options
configuration latch 5800H, compute the value, and store in Status and Data Register
20Ag H.
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5. If the FLSS option is installed, the value is read from I/O port
30015 and stored in Status and Data Register 20B3H. The value is converted into the
number of printable lines and stored in Status and Data Registers 20Aq H and 20A5 H.

6. If the printer is of a standard configuration, the value is read
from Interface Option switches BS00H, is computed, and stored in Status and Data
Registers 20A2 H and 20ASH.

7. DBUFt_ is set to Interface Control latch 9000H, and the
status is stored in Status and Data Register 20AD H.

g. Outputs from I/O Port 3007 H are set to the high state.
Signal RESET* in the high state clears the internal logic and logic on the Interface
CCA.

9. The following Status and Data Registers are set as indicated:
2005 H = 00, 20CC H = 00, 20CD H = 00, and 2096 H = 0l.

b. Initialization

The Initialization sequence is entered as a result of completing
the power-up sequence, or as a result of an alarm clear condition. The sequence is
as follows:

1. DBUFI - DBFU3 are set low to Interface Control Latch

9000H, resetting signals ON LINE, READY, and LOAD BUFFER. The status of this
operation is stored in Status and Data Register 20AD H.

2. D15US is set to 32H and transferredto output port 3007H.
Thisoperationresetsflip-flopsU 12 and Ull on the ProcessorCCA and resetslogic
on the InterfaceCCA.

3. Signal CLRFF (bit 5) of input port 3009 H is tested for its
logic state. If low, then all outputs of port 300g H are set high to disable all motor
operations. If high, then the following Status and Data Registers are set as
indicated below:

Register Value

2099 01
209B 00
209C 00
209D 00
209F 00
20A6 12
20CB 00
20CF 00
20D0 00

q. Signal 10/16' PITCH (bit 6) of input port 300B · is tested for
its logic state. If low (IG pitch)then 20 H iswritten into Status and r_ata Register
2095 H and 20B5 H. If high (10 pitch), then 00 H is written into the registers.
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5. Signal BAIL OPEN (bit _) of input port 300A H is tested for its
logic state. If Iow, then the state of signal CLEAR FLOP output from Ui2 is tested
at Input port 3009 H. BAIL OPEN in the high state will cause the CPU and Control
Section to recycle through the initialization sequence until BAIL OPEN is reset.
BAIL OPEN in the high gtate will cause ALARM IND* of output port 3007 H to be
enabled, and READY to be reset to Interface Control Latch 9000 H. The new
interface status word is written into Status and Data Register 20AD H. This cycle
will continue until CLRFF oi input port 3009 H switches to the high state. BAIL
OPEN in the low state will cause GO/STOP of output port 3008 H to be enabled,
which will initiate shuttle movement to the shuttle park position.

6. DBUF Bus is set to zero and output to the VFU/Print data
line buffer g000H on the Interface CCA. The CPU and Control Section will then
perform a read operation to detect any change in the status of DBUF Bus. If a
change is detected, indicating the absence of any Interface CCA, Status and Data
Register 2093 H is cleared, and output port 3008 H is disabled to halt any motor
operation. If the DBUF Bus remains low, indicating _he presence oi an Inter/ace
CCA, then 0l H is written into Status and Data Register 2093 H and DBUF bit 2
(READY) is set high to Interface Control Latch 9000 H.

c. Operating Status Verification (Figure 2-30)

After completing the Power-up and Initialization sequences, the
CPU and Control Section enters into the operating status verification sequence.
This sequence is re-entered each time the shuttle is parked because of a slow
interface data transmission rate, a paper advance command which requires multiple
line feed operations, a command which requires a change in the shuttle travel
velocity, the absence oi a character generator, or because of the completion of a
self test operation. Completion of this sequence allows the CPU and Control
Section to enable the ports for either on line or off line operation.

During this sequence, the Status and Data Registers are updated
to reflect the current operating status of the I/F and I/O ports. Upon completion of
this sequence, the ON LINE, READY, and LOAD BUFFER CONTROL outputs are
enabled to I/F Port 9000 H.

2.5.3 Interface Port Communication and Control (Figure 2-31)

Communication between the Processor CCA and the Interface
CCA takes place over the DBUF bus. Each of the interface types described in
paragraph 2._ contains devices which are addressable by the CPU and Control
Section.

As shown in figure 3-31, a given device is enabled for input or
output when selected by the CPU and Control Section. Device selection is effected
by the CPU and Control iSection of the "-o(essor CCA through address bus AD00-
ADIB. Each Interface CCA converts address bits Ali-Al3 into a unique chip select
pulse (CSt* - CS9') as listed in table 2-lq. Address bit Al5 (bit t_ is 0) must be
true when any interface port chip select pulse is generated.
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Figure Z-30A. Operating Status Verification Flow Diagram
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Figure Z-30B. Operating Status Verification Flow Diagram
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Figure Z-30C. Operating Status Verification Flow Diagram
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TABLE 2-1_. INTERFACE PORT DEVICE SELECTION

- ChipAddress Bit C.onfi_uration' , Selectl
-15 10 13 12 I1 10 9 $ J 6 5 0 3 2' I 0 I Signal Enable Function
-- I
i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tCSI* Read and Write toVFU/

Print
I 0 0 0 1 0 0 0 0 0 0 0 0 0 0 C52' Read last address

CI counter value
1 0 0 1 0 m 0 0 0 0 O 0 0 0 0 0 CS3* Ifiterface Status Latch
I 0 O i I _ 0 0 0 0 0 O 0 0 0 0 CS4' iTCVFUDriver

g (upper byte)
I 0 I 0 0 :_ 0 0 0 0 0 0 0 0 0 0 CSS* iNotUsed
1 0 I 0 I 0 0 0 O 0 0 0 0 0 0 C56' Interface Status Latch
I 0 i. 1 0 0 0 0 0 0 0 0 0 0 0 CS7' TCVFUDriver

(lower byte)
I 0 I I I 0 0 0 0 0 0 0 0 0 0 I CSg* Option Switch Driver

I = Logic High State
0 - Logic Low State
* = Active in Logic Low State. A Read or Write command must be active.

j=,

Address bit Al5 is inverted on the Processor CCA to generate
active low pulse AlS* which is used to enable interface port transceiver U25. With
U25 enabled, the CPU and Control Section controls the transfer of information
between the internal D bus and the external DBUF bus.

I

I
Descriptions of the interaction of the various devices with the

DBUF bus are provided inthe applicable Interface CCA description.

a. Interface Port-Address and DBUF Bit Assignments

The hexadecimal addresses of the various interface devices are

sequentially listed below; Included are definitions for the bit assignment of each
device.

I

1. Address 8800 H - VFU/Print Data Address Counter - An input
latch which indicates the location in the I/F CCA VFU/Print Data Line Buffer where
data is stored.

2. Address 9000 H - Interface Control Latch - The DBUF bit
numbers, signal names, and functions are listed as follows:

DBUF

Bit No. Signal Function

I LOAD BUFFER Informs the Interface CCA to start loading the
print buffer

2 READY Informs the Interface CCA that the Processor CCA

is ready to go on line or off line.
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CSI · INTERFACE CCA PROCESSOR CCA
/:FI

ADDd_SBUS

MEMORY PROGRAM MEMORY
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DATA LINE

HEMW· WRI TEe - BUFFER CS I ·
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'II(SEE TABLE NOTE 14) I/0
4' DECODE
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Figure 2-31. Processor CCA Tnterface Port
Communications Functional Block
Diagram
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DBUF

Bit No. Signal Function

3 ON LINE Informs the Interface CCA whether the Processor CCA
is in the online or off line mode. iJ

TOP OF Informs the Interface CCA that the Top of Form position
FORM (TOF) has been detected.

5 BOTTOM OF Informs the Interface CCA that the Bottom of Form
._ FORM (EOF) position has been detected.

6 PAPER MOVING Informs the Interface CCA that paper is moving.

7 CONDENSED Informs the Interface CCA that the condensed 16 pitch
switch is active.

8 PAPER EMPTY Informs the interface CCA that the Paper Low Interlock
(PE) is active.

3. Address AS00 H - Interface Status - The DBUF bit numbers_
signal names, and functions are listed as follows:

DBUF

Bit No. Signal Function

I BUFFER FULL Informs the Processor CCA that the Interface CCA has
completed a load cycle.

2 ON LINE ACK Acknowledges the ON LINE/OFF LINE status generated
by the Processor CCA.

3 DAVFU FAULT Informs the Processor CCA that the DAVFU load cycle
has a fault, or that a parity error exists.

4 DAVFU/PRINT* informs the Processor CCA whether the loaded
information is DAVFU or print data.

5 SAT* Informs the Processor CCA that the Interface CCA is
selected (DPC Centronics-Compatible Interface Only).

6 CONDENSED Informs the Processor CCA that The line loaded was
transmitted with a CONDENSED code.

7 EXPANDED Informs the Processor CCA t?_t _he line loaded was
transmitted with an EXPANDED code.

8 DPC/CENT _ Informs the Processor CCA whether the Dataproducts
Centronics-Compatible Interface is present in the
printer.
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4. Address B000 H - TCVFU Status - The DBUF bit numbers,
signal names, and functions are listed-as f01]ows: ....

DBUF
Bit No. Signal Function

1 CHI Channel 1 of the TCVFU Reader

2 CH2 Channel 2 of the TCVFU Reader

3 CH3 Channel 3 of the TCVFU Reader

t_ CHq Channel _ of the TCVFU Reader

5 CH5 Channel 5 of the TGVFU Reader

6 CH6 Channel 6 of the TGVFU Reader

7 TRRQ* Informs the Processor CCA of the status of the TCVFU
Reader switch.

8 CH 13 TCVFU Reader strobe (sprocket) pulse.

5. Address BS00H - Header Status - The DBUF bit numbers,
signal names, and functions are listed as follows:

DBUF

Bit No. Signal Function

1 CONDENSED Informs the Processor CCA that condensed print option
EN* is enabled. ,.

2 AUTO LF Informs the Processor CCA that automatic line feed
EN* option is enabled.

3 DAVFU Informs the Processor CCA that the DAVFU option is
EN* enabled.

PERF SKIP These two bits are coded to indicate to the Processor
#1' CCA the amount of perforation skipover required, as

5 PERF SKIP follows:
#2*

_Perf. Skip #1 perf. Skip #2 Lines of Skipover

0 0 3
0 1
I 0 6
I 1 0
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DBUF
Bit No. Signal Function

6 II/12* FORM Conditions the Processor CCA to compute number of
EN print lines on form based on either 11 (high) or 12 (low)

inches.

7 PLOT EN Not Used.

S EXPANDED Informs Processor CCA that expanded print option is
DIS* disabled.

b. Data Transfer

On completion of the Operating Status Verification sequence,
LOAD BUFFER is set to Interface Port 9000 H, and Registers 20C2 and 20C3 are set
to 350 milliseconds, if BUFFER FULL* does not become active within the 350

millisecond load window_ the I/O ports will be enabled to perform a shuttle stop
operation.

When BUFFER FULL* becomes active, the value of Interface

port $g00 H is read to determine the location in the Interface VFU/PRINT data line
buffer where the termination code is stored.

.... NOTE

For printers configured with a Serial Interface CCA_ Location 00
of the VFU/PRINT data line buffer is read to determine the
location of the termination code.

During the time that data is read from Interface Port 8000H,
LOAD BUFFER is disabled at Interface Port 9000H.

2.5.g I[O Port Communication and Control (Figures 2-32 and 2-33)

The Processor CCA uses nine I/O port devices to communicate
with the control panel and the Wire Driver and Motor Driver CCAs. As shown in the
functional flow block diagram, figures 2-32 and 2-33, each port device is assigned a
hexadecimal address which corresponds to an eight-bit register location in the
Status and Data Register (see paragraph 2.5.2).

a. I/O Port Enable Codes

The CPU and Control Section communicates with each I/O port
device' by issuing a unique 16-bit address code which is decoded into an enabling chip
select signal as listed in table 2-12. The communication path between the CPU and
Control Section and the individual I/O port device is completed by U27_ which
operates in either the transmit or receive code.
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Table 2-15 lists the chip select signals, their address bus bit
configurations, and enable functions.

TABLE 2-15. I/O DEVICE ENABLE SIGNALS

Chip
Address Bit Configuration . Select

15-'1# 13 12'11 10 9 8 7 6 5 # 3 2 I 0 Signal Enable Function

O O I 0 0 X X X X X X X X X X X CSS* 5tatus and Data

Register Ulq, U15
i 0 0 I I 0 X X X X X X X X X X X C56' I/O Port Transceiver

U27

0 0 I I 0 X X X X X X X 0 0 0 0 C57' Output Port U2q**
0 0 I i 0 X X X X X X X 0 0 0 I C58' Output PortU25
0 0 i i 0 X X X X X X X 0 0 i 0 CS9' Output PortU30**
0 0 I I 0 X X X X X X X 0 0 I I C510' Output PortU29**
0 0 i I 0 X X X X X X X 0 I 0 0 C511' Input PortU26
0 0 I I 0 X X X X X X X 0 i 0 I C512' Input PortU31
0 0 I I 0 X X X _X X X X 0 1 I 0 C513' Input PortU21
0 0 I I 0 X X X X X X X 0 i I I CSlq* Output Port U22
0 0 I I 0 X X X X X X X I 0 0 0 CSIS* Output Port U23
0 0 I I 0 X X X X X X X I 0 I 0 CS16' Interface Port

Transceiver U28
I 0 X X X X X X X X X X X X X X InterfaceCCA

Enable

I = Logic High State X = Don't Care
0 = Logic Low State * = Active when in the Low State
· * M200 Only

I/O Port transceiver U27 is enabled when CS6', the output from

memory decoder U28, is in the logic low state. The transmit/receive mode is
controlled by the logic state of the signal MEMR* output from the CPU and Control
Section. As shown in figure 2-32, the C56' pulse is used to enable the I/O port
address decoder. The I[Oiport address decoder U#0 receives the decoded four least
significant bits of the address bus and outputs a unique decoded I/O device enable
chip select signal pulse (CS7' - CSIS*). The C516' output from the I[O decoder is
ORed with address bit ALS*, which enables the interface port transceiver U28 when
interface port communication is performed.

To control paper advance, ribbon advance, shuttle movement, and
print wire firing, the cPU and Control Section will issue a unique address for theJ
applicable I/O port device. The address decoder, enabled by either a read MEMR*
or a write MEM'U* command, will decode the address into a specific chip select
pulse. When the various I/O port devices are enabled, the CPU and Control Section
can manipulate the outputs and read the input when controlling any of the above
mentioned functions.
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b. IlO Port Signal Definitions

The hexadecimal addresses of the various l/O port devices are
sequentially listed below. Included are definitions for the assignment of each bit
interconnected with the DBUS.

I. Address 3007H

DBUS

Bit Signal Definition

.... g RESET* Used to reset the Interface CCA.

7 RCLRFF* Used to clear the right clear flip-flop.
6 ALARM IND* Used to turn the ALARM/CLEAR switch indicator

lamp on or off.
5 ON LINE IND* Used to turn the ON/OFF LINE in'dicator on or off.

RESET LF* Used to clear the left sensing flip-flop.
3 RESET RF* Used to clear the right sensing flip-flop.
2 ENRDR* Used to enable the TCVFU reader.

I CLR ON LINE* Used to clear the on line flip-flop.

2. Address 3008 H

DBUS

Bit Signal Definition

$ RMTR* Used to enable the ribbon advance motor.

7 10/16 Si-ITL* Used to select shuttle travel velocity which
corresponds to print density (pitch),

6 RIGHT/LEFT* Indicates the direction in which the shuttle
will move.

5 GO/STOP* Indicates whether the shuttle will stop or go.
STEP Used to apply power to the paper stepper motor.

3 01 1- 03* Paper step phase signals used to move paper as follows:

03 02 01 Paper Moved

0 I I OneStep
1 I 0 OneStep
I 0 I OneStep
0 I I OneStep

3. Address 3009 H
DBUS
Bit Signal Definition

5 CLRFF Indicates the state of the clear flip-flop.
16PHC2 Indicates the data output from the optical encoder.

3 16PCHI Indicates the data output from the optical encoder.
'_ 2 10PCH2 Indicates the data output from the optical encoder,

I 10PCHI Indicates the data output from the optical encoder.
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_. Address 300A H

DBUS

Bit Signal Definition

8 RTFF Right flip-flop used to indicate when the shuttle
is moving in the right (active high) or left
(active low) direction.

7 ENC5 Used to indicate an encoder mark (the logical
ORed outputs of the right and left flip-flops).

6 COVER OPEN* indicates when the cover is open.
5 PAPER LOW Indicates when the printer is out of paper.
# BAIL OPEN -Indicates when the bail is open.
3 TOFSW* Indicates the position of the TOP OF FORM switch.
2 PAPER STEP* Indicates the position of the PAPER STEP switch.
1 ON LINE FLOP Indicate the status of the on line flip-flop.

5. Address 300B H

DBUS

Bit Signal Definition

8 COL 1' Column 1 sensor - used to indicate that the shuttle

position is right of column I. ._
7 SELF TEST* Indicates the position of the TEST switch.
6 [0/16 PITCH* Indicates the position of the horizontal pitch switch.
5 6/g LPI* Indicates the position of the vertical pitch switch.

_1 FLSS#* to indicates the position of the forms length switch
FLSS 1' as follows:

FLSSt_ FLSS3 FLSS2 FLSS 1 LPI

0 0 0 0 Ii
0 0 0 I 3
0 0 i 0 3½
0 0 I I t_
0 I O' 0 5½
0 I 0 I 6
0 t I 0 7
0 I I I 8
I 0 0 0 8½
I 0 0 I ti
I 0 I 0 12

, I 0 1 I It*
1 . 0 0 11
1 I I 0 11
I I I I 11

.f
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6. Address 300C H

DBUS

Bit Signal Definition

8-1 7L + to 1L* Individual print wire control signals used to drive
the left column print wires.**

7. Address 300D H

DBUS

- Bit Signal Definition

8-1 7L* to IL* Individual print wire control signals used to drive
the left column print wires.**

8. Address 300E H

DBUS

Bit Signal Definition

8-1 7R* to IR* Individual print wire control signals used to drive
the right column print wires.

9. Address 300F H

DBUS

Bit Signal Definition

g-1 7R + to IR* Individual print wire control signals used to drive
the right column print wires.

** M200 Only

c. Print Head Shuttle Control (Figures 2-32, 2-33, and 2-34)

The print head is transported across the print station by a belt-
driven shuttle mechanism assembly. The shuttle mechanism drive belt is coupled to
the shaft of a velocity controlled DC motor. The Processor CCA uses output ports
30081-t (see figure 2-33) to control the motor rotation rate and direction. Output
port 3007 H is used to initialize the internal logic, which detects shuttle rate. Input
ports 30091,1, 300AH, and 300B H (see figure 2-32) are used to input shutde-to-platen
data, velocity rate, print wire firing of synchronous pulses, and direction of shuttle
travel.

To initiate shuttle motion for a given direction and to control the
travel velocity, the Processor CCA uses RIGHT*/LEFT and 10'/16 at output port
30051-1 (see figure 2-33) to communicate with the Motor Driver CCA. Signal 10'/16
is also input at port 300B H and is used by the Processor CCA to compute end zone
reference points for reversing shuttle motion. Signals RESET ET* and RESET LF*
at output port 3007H (see figure 2-33) are used to clear the velocity and direction
sensing logic internal to the Processor CCA.
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Figure 2-34. Direction and Velocity Detection Logic
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When shuttle motion is in progress, the optical encoder assembly
transfers a pulse train to the Processor CCA that indicates shuttle velocity. The
pulse train (10PCHI, 10PCH2, or 16PCHI, 16PCH2) is input onto the Processor CCA
at port 3009H (see figure 2-32) and to the Direction and Velocity logic network (see
figure 2-34). Encoder inputs at 3009 H are used to detect direction of travel when
shuttle parking is to be performed (refer to subparagraph 1).

The encoder inputs to the Direction and Velocity Sensing Network
(see figure 4-31) are used to develop the CPU and Control Section interrupt signals
ENC INT REQ* and right/left status pulse RTFF. These signals are transferred to
input port 300A H and are used to synchronize shuttle velocizy, and direction with
print wire firing.

The 10/16* PITCH and COL i _*signals at input port 300B H (see

figure 2-3_) are used to determine the switch setting for shuttle velocity and to
detect when the shuttle is at the column one position near the left end frame.

To control shuttle movement, the Processor CCA will first park

the shuttle at a referenced home position and initialize internal control logic. Next,
an active signal BUFFER FULL* from the interface port will cause the CPU and
Control Section to seek current shuttle position and move the shuttle to the nearest
print position.

1. Parking the Shuttle at the Home Position (Figures 2-32, 2-33)
and g-13) - Parking the shuttle at the home position is performed under any of the
following conditions:

(a) When the POWER switch is reset, or

(b) When a change occurs in the state of the ON LINE
switch.

The shuttle is stopped in place:

(a) When the shuttle velocity and pitch settings do not

agree.

(b) When a STOP command is generated became of a
malfunction.

When shuttle parking is to be performed) the CPU and
Control Section will first initialize a no-shuttle motion timer (Status and Data
Registers 20C2 H and 20C3H). Next, the interrupt input signal ENC INT REQ* is
disabled. The status of outport port 300g H is then tested to determine the logic
state of GO*/STOP. If GO*/STOP is in the low state, input port 300B H is then
enabled to read the status of COL l N. If the COL 1* input is at the high state,

output port 3008 H is enabled. RIGHT_*/LEFT is forced to the high state, and the no-
motion timer is decremented until COL 1' switches to the low state. If the timer
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should time out before COL l* switches low, all the control signals interfacing the
motor driver power circuits will be disabled. When COL 1' switches to the low
state, input port 3009 H is enabled and the l0 PCH2 input is monitored until a low-
to-high transition occurs. The iow-to-high transition will cause the CPU and
Control Section to force the RIGHT*/LEFT output of port 300g H low.

When the status of GO*/STOP indicates a high state, the
state of COL 1_ is input, if COL I r is in the high state, the RIGHT*/LEFT output
of port 3008 H is forced high, the status is stored in the Status and Data Register,
and the motion timer is decremented until COL l* switches low. If the timer should

rime out beC/ore COL 1* switches iow, power to all drive motors will be disabled.

A low transition of COL 1' will cause the RIGHT*/LEFT
.output of port 300B H (see figure 2-33) to switch low. The low state of
RIGHT*/LEFT will cause the 10PCH2 input to port 300B H to be monitored for a
low-to high transition. _lthen 10PCH2 switches high, implying that the shuttle is now
moving to the right from the left end frame, the state of 10[16' at input port
300B H is tested to determine travel velocity. The state of this signal will cause a
set or reset state of 10'/16 SHTL at output port 3008 H (see figure 4-31). The status
of 10'/16, indicating shuttle velocity, is stored in the applicable Status and Data
Register. This velocity will remain fixed and used as the reference speed for print
wire firing unless the print format option is changed.

The COL 1' input is then tested for a low-to-high transition
(shuttle leaving the column one position). If the shuttle motion timer (Status and
Data Registers 20C2 and 20C3) should zero out before COL 1' changes state, power
to all motors is disabled. When COL 1' switches high, the RESET LF* and RESET
RT* outputs from port 3007 H (see figure 2-33) are clocked into flip-flop Uti (see
figure 2-3_) to clear the LEFF and RTFF outputs from Status and Data Register
2090 each time an interrupt is generated. LEFF is ORed with RTFF to generate
interrupt signal ENC INT REQ* for each dot column the shuttle traverses.

After clearing the LEFF and RTFF flip-flops, the dot column
counter is cleared to zero (Status and Data Register 2090), and simultaneously, a
17D is loaded into the character column counter (Status and Data Register 2091).
At the same time, signal ENC INT REQ* is enabled for counting dot columns, and as
the shuttle is moving, every tenth RTFF will increment or decrement the character
column counter. With the shuttle moving to the right from the left end frame, the
character column counter will be incremented. When a count of 36D is reached, the
RIGHT*/LEFT output of port 3005 H (see figure 2-33) will switch to the high state,
causing the shuttle to reverse direction toward the left. The 10PCH2 input at port
3009H is then monitored for a low-to-high transition. When the transition is
detected, the CPU and Control Section will enable output port 3005H (see figure 2-
32) and set GO*/STOP to the high state. When in the high state, GO*/STOP will
disable power to the sh '*.ti; motor drive circuit on the Motor Driver CCA. The
shuttle is then parked at the home position, and the shuttle control logic is
initialized.

2. Velocity Direction Control (Figure 2-3#) - The standard
printer has a velocity of 3t_ inches per second (IPS), which is the reference velocity
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for printing at ten characters per inch (CPI). Printers configured with the optional
[0/16 PITCH switch have a velocity of 20.¢ IPS for the 16 pitch setting (16 CPI).
When the Condensed Print option is enabled, shuttle velocity is 20.# IPS, and is 34
iPS when the Expanded Print option is enabled. Either velocity is maintained for

each print line unless the 10/16 PITCH switch setting is changed or unless a change
is detected in the logic states of the CONDENSED and EXPANDED bits at interface
status latch Ag00 H (see figure 2-31).

Referring to figure 2-3% the logic state of 10'/16 SI-ITL
output from port 3008 H is set during shuttle parking and initialization. The 10'/16
SHTL signal is NANDed with encoder output signals 10PCHi and [0PCH2. The logic
state of 10'/16 SHTL determines which encoder odtput will be analyzed for shuttle
direction.

The frequency of either the I0 pitch or 16 pitch pulse train
will specify the shuttle travel velocity. A pulse is generated for each instance that
the encoder assembly, attached to the shuttle, intersects an imaginary dot column
position on the platen. When shuttle motion is in progress, to perform a print
operation, the encoder outputs over channel I are used to clock the channel 2 pulse
train through flip-flop UI 1. The right sensing output (RTFF) and left sensing output
(LEFF) are ORed to generate the CPU and Control Section interrupt signal ENC INT
REQ*.

Signal ENC INT REQ* is generated every 29g microseconds
, (M200 only), which the CPU and Control Section uses as an index for synchronizing

print wire firing. Signal RTFF is the dot column count, and depending on shuttle
travel direction, will increment or decrement Status and Data Register 2090 H (dot
column counter). Every tenth increment or decrement of the dot column count will
cause an increment or decrement of the. character column count in Status and Data

Register 2091H (character column counter). The CPU and Control Section reads the
content of these registers to determine shuttle horizontal position.

To compute the shuttle's travel direction, the leading edge of
pulse 10PCHI or 16PCHI is used as a reference to analyze the pulse transitions
received on channel 2. If the pulse on channel 2 is high when the leading edge of
channel I is switched from low to high, the LEFF output is cleared and RTFF output
from U Il will be set. This condition indicates that the shuttle is traveling in the
direction of left end frame. This condition will cause the RTFF output to be cleared
and the LEFF to be set.

The direction in which the shuttle travels to perform a print
operation depends upon the location of the print characters stored at I/F port $800 H
(see figure 2-32). When the status of I/F port AS00 H indicates that the buffer is full
and contains print data, I/F port gg00 H is interrogated for the presence of first and
last print characters. The CPU and Control Section translates this data into start of
li-- (SOL) and end of line (EOL) and stores the computed values in the allocated
Status and Data Registers. The CPU and Control Section compares the contents of
the character column register with the SOL and EOL registers to determine shuttle
position with respect to character print position. The computed value logic state of
RIGHT*/LEFT controls the operation of the reversing amplifier located on the Wire
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Driver CCA. The reversingamplifierwill cause the shuttlemechanism drivemotor
to rotatein the correctdirection.When in motion, the encoder willoutput pulse
train10PCH or 16PCH, which isanalyzed fordirectionand velocity.

When the shuttlemechanism iscomputed to be at the lastdot
column of the lastcharactercolumn to be printed,the CPU and ControlSectionwill
set or resetthe RIGHT*/LEFT outputof Output Port 300gH, reversingthe direction
of motion of the shuttledrive motor. During the time period when the shuttle
mechanism is turningaround (60 millisecondsmaximum, if the velocityis 20.4
inches per second, or I00 millisecondsif the velocityis3# inches per second)the
CPU and Control Sectionenables InterfacePort Transceiver U28 and sets LOAD

BUFFER to interfacecontrollatch 9000}_ (see figure2-32). If,duringthe turn-
around time InterfacePort Ag00 H responds with a bufferfullcondition(BUFFER
FULL* active when low), Interface Port g000H (see figure 2-32) is again
interrogatedforstartof lineand end of linedata. (Duringshuttleturn-aroundtime,
output port3005H isused to step paper.)

d. Print Wire Firing, M200 Printer

The print function controls the information output to the print
head. Printing is performed by accessing the ASCII-coded character from Interface
Port gg00 and converting {the data into an address to access the character. This g-
bit address is used to fire i a wire column. Four internal counters are used to keep
track of the position of the left and right wires. These counters are CCCL, DCCL
and CCCR, DCCR respectively, and are used with the ASCII character code to

I

access the character generator. Updating of the internal counters with each
encoder mark keeps track of the print head position.

The character generator is divided into two parts. One part is
addressed for the right wires, and the other for the left wires. The address which
accesses the character generator is made up of the dot column counter (DCCR for
the right wire section; DCCL for the left wire section) and the ASCII character
code. The address selects Ione of eight bytes of data for a particular character. The
selected byte will then be used to turn on any wire of the vertical wire column
(where the uppermost wire is the least significant bit of the addressed byte from the
character generator). The three low order bits of the dot column counter will
access any of the eight bytes of data for a particular character. The sixth bit will
be used to access either side of the character generator. The ASCII seven-bit code
will be used to access any of the 12g characters in the character generator.

When printing at 10 or 16 characters per inch, the left and right
wire banks are updated with information every 296 microseconds (M200 only), the
period of one encoder mark. However, once a wire is fired, it must stay on for 355
+5 microseconds. For this reason, output ports (registers) 300D H and 300C H are
u-sedfor left wire data (M200 only). Output ports (registers) 300FH and 300EH are
used for right wire data. Each pair of output ports are updated every 296
microseconds, with each individual output port of the left/right output port set
being updated every 588 microseconds.I

When printing at five characters per inch (expanded mode), the
shuttle servo motor travels at the 10-characters-per-inch rate. However, every
other encoder mark is skipped, and the same dot column information is printed
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twice. This effectively expands the width of the character to 20 encoder marks. Of

these, 14 are allotted for dot information and six for inter-character spacing. Since
updating is only required on every other encoder mark, only one latched port to each
pair is used: LB and kB.

e. Print Wire Firing t M120 Printer

As described earlier, the M200 and MI20 printers use identical
methods to obtain dot pattern information from the character generator.
Therefore, the MI20 printer also uses four internal counters, CCCL, DCCL, CCCR,
and DCCR, to keep track of the print head position and access both halves of the

.... character generator.

Once the character generator has been accessed, however, the dot
patterns obtained from both halves of the character generator are applied to
circuits controlling the right wire bank. (See sheet 5 of the Processor CCA logic
diagram in Volume ii of this manual.) Circuits that control the Jeff wire bank in the
M200 printer are always inactive in the MI20 printer. These includes output ports
300D H and 300C H (CSi0* and C59').

The wire on time in the M120 printer, like in the M200 printer, is
355 +5 microseconds. Due to the longer period between dot times in the MI20
printer, only one output port (register) is used. This register, U25, is controlled by
chip select signal CSg*, register U2g, controlled by chip select signal C57', is

-_ always inactive in the MI20 printer. Similarly, due to the longer period between dot
times, only one-shot U6-5 is used, and one-shot U6-I3 is always inactive in the MI20
printer.

f. Ribbon Advance

Ribbon motion is initiated by the Processor CCA at the start of
the shuttle or paper motion cycle through the ribbon drive system of the Motor
Driver CCA.

g. Paper Advance Control (Figures 2-32 and 2-33)

Each time the printer is powered up, the CPU and Control Section
will first initialize the paper advance controls. The CPU and Control Section first
locks the paper feed stepping motor into phase one. This is accomplished by
enabling U27 and setting the DISUS to a B3 H. The B3 H output from U27 is placed on
the DOUS, the CPU and Control Section enables Output Port 300gH, and the
contents of the DBUS is output to the Motor Driver CCA. The low state of STEP*
and 03* will energize the motor and start motor movement. After 4 milliseconds,
the 03* signal is reset to high (inactive) and the 01' signal is set low (active),
causing motor rotation to Phase 1. The STEP* signal is then reset high, de-
energizing the motor in Phase 1. Upon completion of initialization of the st_?ping
motor control circuitry, the CPU and Control Section loads Status and Data
Register 20BD H with the status of Output Port 300g H.

Next, the CPU and Control Section computes the Top of Form
position from tile total number of printable lines on the form and from the
perforation skip code. To do this, the CPU and Control Section reads the applicable
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bits of the option switches via driver Bg00 H and I/F Port Transceiver (see figure 2-
32). The CPU and Control Section detects the logic state of DBUFq and DBUF5 to
compute the number of lines to be skipped when performing perforation skipover,
and stores the computecl value into Status and Data Register 20Ag H. If the printer
is configured with the optional 6/8 CPI and Forms Length Select switches (FLSS),
the CPU and Control section enables I/O Port Transceiver U27 and reads the

content of Input Port 300B H (U26). The logic state of DBUS5 establishes the line
density (6 or $ lines per inch), and is used to compute the total number of lines
remaining on the form as specified by the logic state oi DBU5I through DBUS#.

The value of the FLSS setting :s saved in Status and Data Register

20ASH, and loaded in Status and Data Register 20AqH, which is used as a counter
for the number of print lines on the form.

In the standard printer, the CPU and Control Section enables both
Interface Port Transceiver U20 and the Interface Bus Transceiver, and reads the

logic state of DB6 output oi the Option Switch Driver Bi00 H. The logic high or Iow
status of OB6 is input to the Processor CCA, indicating that the printer is
configured to handle il-or 12-inch forms, and is saved in Status and Data Register
20#5 H. The Il-or 12-inch value is also loaded into Status and Data Register 20ACH,
which is used as a counter for the number of print lines on the form. When Top of
Form is reached, the cpu and Control Section will then set the DBUF¢ line high
true to the Inter/ace Control Latch 9000 H (figure 2-32), and will store the status in
Status and Data Register 20AD H.

After initializing the paper stepping motor control circuitry, and
computing the perforation skip and/or forms length, the CPU and Control Section
will then read the state of the applicable Status and Data Registers. These registers
are re-initialized each time the CPU and Control Section is reset or a paper motion-
related control panel switch setting is changed.

2.6 MOTOR DRIVER CCA (See Volume II)

The Motor Driver CCA contains the drive drcuitry for the print head
shuttle servo motor, the paper feed stepping motor, and the ribbon drive motor. The
column I sensing amplifier U10 and motion suppress circuits are also included.
Output of U10 is used as an input to the Processor CCA for print head shuttle reset
positioning and as a marker for determining print head turn-around at the left end
zone and start of print line at the left margin. The motion suppress circuit UI0
detects the power on condition and prohibits accidental printing, shuttle motion, and
paper incrementing during power on or off.
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2.6.1 I/O Signal Definitions

Table 2-16 lists the I/O signals of the Motor Driver CCA and their
functions.

TABLE 2-16. MOTOR DRIVER CCA SIGNAL DEFINITIONS

Name J .... Function
1

STEP* Low True. When true, this input enables full power to be
applied to the stepping motor for the duration of stepping.

01' Low True. When true, this input turns to Phase I coil of
stepping motor.

02* Low True. When true, this input turns on Phase 2 coil of
stepping motor.

03* Low True. When true, this input turns on Phase 3 coil of

stepping motor, i

RM + Low True. When true, this input turns on the ribbon motor.

10 PCHi This input represents the 10 pitch encoder track, channel 1.

16 PCHI This input represents the 16 pitch encoder track, channel I.

10+/16 SHTL This input selects the correct encoder track for the shuttle
servo motor. If low, 10 PCHI is selected; if high, 16 PCHI
is selected.

R*/L This input directs the motion of the shuttle. Low
commands right motion, high commands left motion. This
signal should change only when shuttle speed has settled or
is at zero.

DET POS This line represents the output of the "column one" sensor.
(This is not a TTL signal.)

(1) The asterisk implies function is alive in the low state.

(2) Unless otherwise specified, all signals are TTL levels.
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2.6.2 Circuit .Operation

This paragraph describes the shuttle servo motor, paper feed
Stepping motor, and ribbon drive motor operation.

a. Shuttle Servo Motor Control

A-velocity-controlled DC motor, via a pulley and belt, drives the
shuttle mechanJsm across-the print station. The Processor CCA commands the
servo motor with respect to GO/STOP, RIGHT/LEFT_ and 16 PITCH (HI) 10 PITCH
(LO) speed. An optical incremental encoder, mounted on the motor shaft, provides
information for firing-the print solenoids, and the same encoder signals are used to
derive velocity information for the servo 'motor. A block diagram of the shuttle
servo motor is shown in figure 2-35.

Referring to figure _-12, SH 2, the correct track from the

encoder is selected at gates U12-3, Ull-3, and UiI-il, and is ied to an edge
detector circuit U#-$, U_-6, effectively doubling the encoder input frequency. The
pulses at U#-6 trigger U3, a one-shot whose average positive DC output is compared
with a.negative DC reference voltage at R3. The error is amplified and carrier-
filtered by low-pass filters UI and U2. U3 i's a "reversing" amplifier whose gain is -1
or +1, depending on the L/R signal. The output of U3, limited by CR# and CR3, is
next fed to a current drive switching power amplifier. This self-oscillating
amplifier; consisting of U7, Q7,-QI3_ Q#, and Ql3 drives the motor from 'the +21V
and -2IV supplies. Current feedback is obtained from R27, which is in series with

the motor. The switching amplifier operates between 20 kHz and 25 kHz, to provide
high power efficiency. Transistors Q3 and QI0 limit the current in the motor to
avoid motor de-magneti'zation and-excessive transistor current.

A re-triggerable one-shot at U9 is used to detect 'very slow
movement or lack of shuttle motion if the GO command has been given. The one
shot then times out, locks out further triggering and causes U6-13 to go low,
grounding the bases of Q7 and QI3, thus shutting off the motor drive. U9 is reset
0nly when-the GO signal changes to STOP.

b. 'Paper Feed Steppin_g Motor Control (Figures 2-36 and 7_-37)

A three-phase motor is used to drive the tractor assembly. For
six lines per inch; the' motor moves four steps to get one line of-paper movement
(see timing diagram, figure 2-36), and moves three steps per line for eight lines per
inch. Normally, one phase windingis kept energized to produce a holding torque.
For slewing, stepping is carried out continuously. See the timing diagram shown in
figure 2-37.

Assume that Phase 3 is energized. In this phase, Q3* is low,
turning on Q2, which then turns Gl. Current flows through CR22, the Phase 3
winding, QI, and into the -2IV supply. In this manner, the holding torque is
produced. To step the motor, STEP* goes low, turning on QI2, and resulting in
turning on Qll, thus applying +21V to the motor common winding and back-biasing
CR22. At the same time, Phase 3 is turned off and Phase-1 is turned on with the

full supply voltage across it. Keeping signal STEP* low, the motor is stepped in
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Figure -2-35.ShuttleServo Motor Block Diagram
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(A) FOR 6 LiNES/INCH TOLERANCE: + 100/_S

I -q: _ ,=_ J
I

I

01. I-_--6MS - ...... "1I

CZ,..... _ ..............

-q
- '.t ,--

F4Msq-
SEQUENCE: ¢3-_1-¢z-_3-O1J ¢l-¢Z-¢3-¢l-¢Z, ETC,

(B) FOR 8 LINES/INCH

STEP*--_ I ___
I- 6MS

,J ii t im

I
¢1. .....- l

I

I
CZ* .............

i / i i

¢3* ! ..............

SEQUENCE: ¢3-¢1-¢Z-¢3-j ¢3-¢1-¢2.-¢3j ETC,

i

I 245123.4._1
/

Figure 2-36. Steplping Motor Input Waveforrns (Line Step Mode)
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(A) FOR6 LINES/INCH TOLERANCE + 100 /.tS
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(B) FOR 8 LINES/INCH
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24Si 23,440

Figure 2-37. Stepping Motor Input Wave£orms (Slew Mode)
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sequence to Phase 1, Phase 2, Phase 3, etc. To terminate the stepping sequence,
STEP _ goes high, turning off Ql 1. One phase is still left on, via CR22 and the -21V
supply.

c. Ribbon Motor .,Drive Control

When signal RMTR* goes low, Qi# is turned on, applying +2! volts
to the ribbon drive motor, which drives the ribbon in the ribbon cassette via a gear-
head. The ribbon motor is actuated only during printing.

1. Column.... One Sense Amplifier - U10-2 is a comparator which
translates the analog detection of the photo-sense signal at pin 4 to a TTL signal at
pin 2. This signal is used by the Processor CCA.

2. Motion Supp.ress Circuit - Two comparators, U10-1 and Ul0-
14, are used to detect power on and power off, respectively.' Their outputs are
collector OReO to give inhibit signals via U10-13 to the print head drivers and the
paper feed drivers, and via CR29, to the shuttle servo motor drive. This prevents
accidental printing, shuttle motion, or paper incrementing during power on and
power off.
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2.7 WIRE DRIVER CCA (Figure 4-13, Volume II)

The Wire Driver CCA contains 14 solenoid drive circuits which interface
the Processor CCA with the print head. Each solenoid drive circuit controls an
associated print wire solenoid housed in the print head assembly.

NOTE

In the M120 Printer, only seven solenoid drive circuits are active.

2.7.i I/O Signal Definitions

Table 2-'17 lists the I/O signals of the Wire Driver CCA, and
defines their functions.

TABLE 2-17. WIRE DRIVER CCA ilo SIGNAL DEFINITIONS

Signal Function
,=

PS (Print Suppress) - A TTL high true signal from the Motor
Driver CCA that inhibits any spurious signal to the input
of the wire drivers from inadvertently firing the print
wires during printer power up or power down.

IR* - 7R* Driver Input (Right/Left) - TTL low true signal from the
IL*-7L* Processor CCA that turns on the driver circuit. This

signal should be low for not longer than 350 +_10micro- ·
seconds.

I1R1/iR0- Wire driver outputs are connected to the coils in the
7R1/7RO, print head -- one on the inside' (I) wire of each coil
IL1/1L0- winding, and one on the outside (0) wire of each coil i
7L1/7LO winding. At room temperature, the coil forms a load of

approximately 1.45 ohms, 3.5 mhz. Nominally, the
signals relative to each other; i.e., (ILl/ILO), remain at
0V when the driver is off. The waveform across the

driver outputs is similar to that shown in figure 2-35
when the coil is activated.

i

2.7.2 Circuit.Operation (Figures 2-38 and 2-39)

Figure 2-38 shows a typical wire driver circuit. When the input
signal is low, the output of OR gate (UI3, UI4, U17, UIg, U21, U22, U2_) goes low,
turning on PNP transistor Q15-29. This causes current to flow through the
transistor, which turns on NPN transistors Q30-Q4 _ The NPN transistor allows
current to flow through the coil in the print head. As the current in the coil
approaches a preset value, the voltage across the 1 -ohm sense resistor turns on the
2N2222 transistor. The voltage at the emitter of 2N2222 (current bias) determines
the peak value of the current through the head coil. As the 2N2222 transistor is
turned on, it discharges the 4700 pF capacitor at the input of NAND gate 7400.
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Figure Z-38. Typical Wire Driver Circuit
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Figure 2-39. Wire Driver Current Waveform
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At the point that the 7L_00output changes state, the output of OR
gate 75463 goes high and turns off power transistors TIPi26 and TIPI21. The 2
N2222 transistor is immediately turned off, since no more current is flowing through
the 1 -ohm resistors; and then the 4700 pF capacitor begins to charge through the
internal pull up resistor of NAND gate 7400. When the output of 7400 changes to
the low state, thepower circuit is again reactivated and begins to build up current
in the coil. This "chopping" action continues as long as the input signal is low.

To inhibit the complete circuit from firing_ the PS* signal on the
input of NAND gate 7400 must go iow.

The current control circuit (figur e 2-40) controls the reference
point on the emitter of every 2N2222 transistor. The 500-ohm potentiometer is used
in a voltage divider circuit, dividing the 5.6V reference voltage caused by the 680 -
ohm resistor and the IN5232B zener diode. The potentiometer controls the
transistor base voltage, which controls the current referenc_ voltage across the
TiPI26 Transistor.The i0-microfaradcapacitorisused to filterout any transients.

2_S POWER SUPPLY SYSTEM

The power supply system is composed of two sections: the AC-to-filtered
DC converter, and the voltage regulator. The AC-to-filtered DC converter is
available in the standard and optional universal versions. The voltage regulator is
common to both versions.

The power supply system is protected against high frequency line noise and
switching transients by a tine filter which is installed to include suppression of
switching transients generated by the POWER ON switch. In the event of excess
internal temperatures, a thermosensor will interrupt the AC input power until the
temperature drops to its normal operating value. The thermosensor is mounted on
the rectifier heat sink assembly located above the transformer.

2.$.t Universal AC-tc-F_Jtered DC Converter

Table 2-18 Usts the available input voltages and frequencies which
can be programmed into the power supply by simply rearranging the wiring of the
program connector TB2 (see figure 2-_1). No tools are required to perform the
wiring changes.

TABLE 2-18. UNIVERSAL SUPPLY INPUT VOLTAGES AND FREQUENCIES

i I
Nominal Low High

Input Voltage Input Voltage Input Voltage Input Freq. Range

115 VAC 90 VAC 127 VAC 59 to 60.6 HERTZ
250 VAC 20# VAC 26# VAC 59to 60.6 HERTZ
115 VAC 90 VAC 1#0 VAC 49 to 50.5 HERTZ
250 VAC 187 VAC 26# VAC g9 to 50.5 HERTZ

i
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Figure 2-40. Cu.rrent Control Circuit
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Table 2-19 is the TB2 wire configuration table listing pin position

numbers, frequencies, and wire colors.

NOTE

To reconfigure the universal power supply from one power
option to another, wires on TB2, Cq, and the base terminals
must be relocated. Note that the listed color-coded wires
shown in table 2-I9 may be connected at any one of the
several possible locations.

TABLE 2-19. UNIVERSAL POWER SUPPLY TB2, Cq AND BASE
TERMINAL WIRE CONFIGURATION

i TB2 Pin Position Number
Wire Color .......

Il5 VAC 115 VAC 250 VAC 250 VAC
60 Hz 50 Hz 60 Hz 50 Hz

Red** 8 8 16 t6

Orange/Yellow 6 l0 6 l0

Orange/White 9 6 9 6

Brown 3 3 7 7

Brown/Yellow 7 lq 12 14

Brown/White I3 7 I3 I2

White/Orange* * 27 26 27 26

White* * 23 2_ 23 24

Violet/White* * 22 21 22 21

· Red/White Base Ct_ Base Gq
Term Term

·Red/Black C_ Base Cq Base
Term Term

la

· Wires not locatedon TB2.
· *Part of wire harness. In a two-color wire, the first color named is the

ba_..= color, and the second the color of the stripe.

NOTE

For 250V, 50 Hz or 60 Hz operation, replace fuse FI with a
I.SA, slo-blo. For I15V, 50 Hz or 60 Hz operation, replace
fuse FI with a 3A slo-blo.
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2.8.2 Typical Output

Table 2-20 lists typical outputs for the Universal AC-to-filtered
DC converter.

TABLE 2-20. TYPICAL OUTPUTS

.... -..-

Item Specification

+21 Volts Output

Minimum: +15.1Volts
Nominal: +21 Volts
Maximum: +23.i Volts

Ripple (Standby:) 1500 Millivolts P-P Maximum
Ripple (Self test): 1.8 Volts P-P Maximum

Current (Standby): 0.3 Amps
Current (Self Test): 3.0 Amps

-21 Volts Output

Minimum: -15.9 Volts
Nominal: -21 Volts
Maximum: -23.1 Volts

Ripple (Standby): 250 Millivolts P-P Maximum
Ripple (Selftest): l.g Volts P-P Maximum

Current (Standby): 1.5 Amps
Current (Self test): 4.0 Amps

+9 Volts Output

Minimum: +8.1 Volts
Nominal: +9 Volts
Maximum: +9.9 Volts

Ripple (Standby): 300 Millivol.ts P-P Maximum ,-, ,.-
Ripple (Self test): 400 Millivolts P-P Maximum

Current (Standby): 2.4 Amps
Current (Self test): 2.4 Amps

Input Power

Standby: 130Watts
Self Test: 220 Watts

FA, JL _,
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TABLE 2-20. TYPICAL OUTPUTS (Contd)

Item Specification

Power On Surge: .Aj?proximately I000 Volt-Amp for a period of
1_5 milliseconds, with an applied input
voltage of 115 VAC rms.

Ambient Operating Temp. 10oc to u0oC

_._ Thermosensor Rating _ Normally closed. Opens at heat sink temperature
of 75oc and closes at 55°C.

2.8.3 Voltage Regu!..a..t.o..r.CCA Operation

The voltage regulator accepts the unregulated voltages from the
AC-to-filtered DC converter and regulates these voltages to the required printer
operating voltages. There are three different voltage regulator circuits
incorporated in the Voltage Regulator CCA: +12V, -12V, and +sr.

The +12V voltage regulator circuit is comprised of voltage
regulator U3, SCR QS, Zener diode CR3, and associated circuits. U3 is a self-

.- contained integrated circuit, using unregulated +21V to develop the +12V regulated
power. Capacitors Cll and C12 prevent high frequency oscillation, while diodes
CR# and CR5 protect against reverse voltage transients. SCR Q5 is a crowbar
device that protects the +12V regulator circuit against overload conditions; when
load current exceeds the allowable maximum, the increased voltage drop developed
across R10 (voltage across CR3 is constant) trips QS, shorting +12V to ground.
Additional overload protection is supplied by F3.

The -12V voltage regulator operates in a manner identical to the
+12V regulator. U2 is a negative equivalent of U3, using unregulated -21,V to
develop the -12V regulated power.

The main component of the +SV regulator circuit is Oarlington'
transistor Qt. Placed in'series between the +9V unregulated supply and the +SV
load, Q t acts as a variable impedance, allowing more or Iess current to flow as
dictated by load demands. Integrated circuit UI acts as a thermo-stable error
amplifier._-using the +12V regulated voltage as a reference, UI supplies an output to
the base of. Ql. -Another input to U1 is the +SV SENSE sample obtained from the
Mother Board' CCA.. This +SV SENSE input has the same characteristics as the' +5V
regulated-'0utput, and affects the output of Ut in 'an inverse, proportio n. For
example, when the +SV output drops due to an inc?ease in the. load, the output of UI
at pin 4 goes more positive, allowing more current to 'flow through Q1, and returning

'l_he-+SV output to -its regulated value. Conversely, a load_decrease tends to drive the
+SV output more positive, causing the output of U1 to go more negative. This
results in a decreased current flow through QI.
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Transistor Q2 serves as a current limiter to QI; excessive current

through QI increases the yoltage drop across R3-R% causing Q2 to conduct more,
and resulting in a decreasbd current ilow through Q I. SCR A3 is a crowbar device
identical to Q4 and Q5. _dditional overload protection in the +5V regulator circuit
is provided by fuse Fl. I

2.$.4 Voltage iRegulator Ou!put
I

Table 2;21 lists the voltage regulator output.

TABLE 2-21. VOLTAGE REGULATOR OUTPUT

!., .._ ............

Parameter Conditions Min. Max.
I

Positive 5 Volt Output IL_-5 Amp q.95 5.05

Positive 12 Volt Output I ILK-300mA 11.1+ 12.6

Negative 12 Volt Output IL_-
_00 mA _ _ 2m_

+__12Volt Ripple IL _-±300 mA 10 x 10-3

Positive 5 Volt IL <__+5Amp f
Over Ripple

I 16.5Positive 12 Volt 13.5 i
Over Voltage Trip

Negative 12 Volt -13.5 -16.5
Over Voltage Trip

Positive 5 Voit 6.3 7.7
OverVoltage I

i iiii i

2.9 TCVFU _CA

The optional TCiVFU CCA controls the operation of the TCVFU motor in
accordance with signals supplied to it by the Interface CCA and TCVFU tape reader.
The TCVPU motor is connected to pins 2 and I of 317. Pin 2 of 317, labelled
MOTOR+), is connected di[ectly to the +gV supply. Pin I of J17, labelled MOTOR-,
is connected to the collector junction of Q3. When Q3 is conducting, 9V RTN is
connected to the collecto_ junction of Q3, and the TCVFU motor is running. When
Q3 is cut off, the TCVFU motor is switched off. Normally, Q3 is cut off and the
TCVFU motor is not running.

Action starts when the operator presses the READ switch on the TCVFU
tape reader, activating signal TRRQSW* on 31-12. An amplified version of /
TRRQSW% signal TRRQ*, is routed through 316-20 to the Interface CCA a_
ultimately to the Processor CCA. The Processor CCA responds by activating read
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enable signal ENRDR*. This signal is routed through the interface CCA to 31-15 of
the TCVFU CCA_ turning on Q2. ;X/ith Q2 conducting, W3 is turned on, switching on
the TCVFU motor. While Q2 is conducting_ +SV LED SUPPLY is provided to the
tape reader.

_X/hile ENRDR* is active, the sprocket hole in the tape is periodically
sensed by the TCVFU reader_ activating signal CHI3 on 31-28 on the TCVFU CCA.
:_ith CHI3 active, one-shot U! is triggered on, momentarily turning on q/. With Q!
conductin§_ Q3 is cut off_ turning off the TCVFU motor. When U1 times out, the
TCVFU motor is turned on once again. Thus, during the on-period of U!

..... (approximately 190 microseconds) the tape is stopped long enough to allow the
TCVFU reader to sense the tape channel positions associated with a given sprocket
hole.
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SECTION RI

TROUBLESHOOTING

3.1 INTRODUCTION

This section contains information necessary to troubleshoot the printer.
Troubleshooting is organized at two levels: the printer system level, and the power
distribution level. Information provided in this section is applicable to both MI20
and M200 printer models.

3.2 PRINTER SYSTEM TROUBLESHOOTING

The printer system troubleshooting guide, table 3-l, lists the status display
indicators, their definitions, probable causes and remedies. For assistance in circuit
board isolation or assembly troubleshooting, refer to table 3-2, the Fault Probability
Guide.

3.2.1 S.7stem Fault Analysis

This paragraph provides a description of the status codes listed in
table 3-I and an explanation of the way in which each is evolved. Some of the
status displays are not error conditions but merely indicate which print system

..... routine is being performed or was being performed when a fault condition occurred.

Fault isolation involving the interface CCA assumes that the
printer is configured with a standard DPC Short-Line Parallel interface CCA. If the
printer is configured with any of the optional Interface CCAs, refer to the
applicable logic diagram in Section IV, Volume II ot this manual to find the
equivalent logic circuit and pin connections.

a. Switch Check Routine/Ready - Status Display 00

This routine monitors the control panel switches and various fault
condition switches, which include the following:

1. Form Length Switch
2. On Line Switch

3. Top of Form Switch
4. Paper Step Switch
5. Vertical Pitch Switch
6. Alarm/Clear Switch
7. Bail Open Switch
8. Cover Open Switch (Optional)
9. TCVFU Switch (Optional)

b. Out of Paper- StatusDisp!ay 01

The paper low interlock switch S5 provides a means of detecting
when the printer runs out of paper. When paper is installed in the printer, this
switch is held in an energized position. The loss of paper from in front of this
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TABLE 3-1. PRINTER SYSTEM TROUBLESHOOTING GUIDE _0 _

Status gDisplay Definition Probable Cause Remedy

O0 Switch check routine/ready Undefined Replace or repair CCA a_ required.
ql Out ol paper No paper Install paper. 'r_
03 Cover open Cover not dosed or switch detective Close cover or adjust ac replace switch. O
O_ Bail open Platen [ever open or awl)ch defective Close platen gap lever or adjust or replace switch. O
09 No tape - tape reader jammed No tape, b_roken tape or jammed tape install taper correct jam condition.

during tape TCVFU operation
lO TCFV_3 Read/Compare Unable to read and verily tape successlully Validate tape. Z
t2 No TOP OF FORM on tape No channel i hote punched in tape Install valid tape.
13 Channel not lound Tape too long Lhnit tape to a maximum o! 25_ lines.
20 No Character Generator Character Generator ROM not installed Install character generator ROM.
26 DAVFU lau[t Stop code alter ODD number of bytes, too Send stop code alter eren data byte, limit data bytes

- many data bytes, parity error to 2_ or less, validate input data.
_O Print right normal ·
_1 Print lelt normal

_2 Print right compressed
_3 Print lelt compressed
_ Print right expanded Replace or repair CCA as required.
_`5 Print left expanded
t_8 TCFVU load routine Undefined
50 Position seek

.52 5hurtle park
L_ _ InStialization routine
I _ Form lead routine

ix) ._6 6 Lines Per Inch routine
:i7 t Lines Per inch routine

_g Step routine
62 Butler not full Load operation not completed within Restart load operation.

allowed time

63 Butler interrogate Umtelined Replace or repair CCA as required.
6_ No shuttle motion No shuttle motion within specified time Mechanical interterence, broken beltr

delective motor.
65 No ir, terlace card interlace card not inserted Install correct interlace card.

66 No clear to alarm C/R flip-/lop Clear F/F/ailed to reset Replace or repair ProcessOr CCA.
67 Sell Test Sell teat switch in test petition Place sell test switch _o OFF positio_.

6g Shuttle pitch amd torres! switch Shuttle pitch [s wrong for line Replace or repair Processor CCA
do not compare o! data

69 Character column counter Shuttle has passed the point Replace or repair Processor CCA_
incorrect - mechanical failure where printing should begin repair' mechanical ixoblem.

70 Sell Teat with I/F i_enotes Sell Test routine is being
perlorn_ed with I/F card installed
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TABLE 3-2. FAULT PROBABILITY GUIDE

Mai[traction Symptom Probable Cause Maintenance Act ion

Print density not uniform, a. Wire Driver ON/OFF period misadjusted. Adiust.
b. Forms thickness setting does not match form. Change lorms thickness controt setting to match form.
c. Wire Driver current misadjusted. Adiusl.
d. Wire Driver CCA A_ delective. Replace W_re Driver CCA A_
e. Processor CCA A3 delective. Replace Processor CCA A3.

Print line is skewed. Tractor phasing incorrect. Correct tractor phasing,

Print rate too slow. a. Shuttle speed on Motor Driver CCA Aa misodjusied. Adjust _huttle speed.
b. Excessive shuttle lriction. Clean guic_e bar with isopropyl or denattaed aicobol,

or Loctite saiety solvent.

Random print errors a. Interlace cable not connected properly. Ensure proper interlace cable connectiom
or p_intet does not b. Interlace cable delective. Replace interlace cable,
respond to user system c. Oelective Interlace CCA A2. Replace Interlace CCA A2.
input, d. Serial Interlace CCA only: interlace parameter Set interlace parameter sw_Lches.

switches incorrectly set.
e. Processor CCA A3 deiective. Rept,*ce Processor CCA A3.

Dots missing lrom printer a. Worn ribbon. Replace ribbon cartridge.
character, b. Forms thickness control setting does not match Place Iorms thickness control ;o proper setting.

Iorms thickness.

i_° c, Wire driver ON/OFF period mlsadjusted. Adjust
_o d, Any one o[ 1uses AaF] through A_FI on Wire Driver Replace deiective [use.

CCA delective,

e. Wire Driver CCA A_ de[ective. Replace Wire Driver CCA A_.
f. Print head detective, Replace print head.
g, Proces._,or CCA A3 delective. Replace Proces5o_ CCA A3.
lt. Detective print head ilex cable. Replace print head ilex cable assembly (W3),

Margin alignment inconsis- a. Loose shuttle servo belt. Tighter, shuttle servo belt.
tent or non*unilorm, b, Loose pulley on shuttle servo motor. Tighten pulley with Allen head wrench,

c. Column [ harness loose. Adjust column I harness.
d, Flange on carriage loose, Tighten [lange.
e, Forms thickness control does not match lorm Place Iorms thickness contra[ :o correct setting,

thickness.

I. Processor CCA A3 delective, Replace CCA A3.
g. Delective shuttle servo motor. Replace shuttle servo motor.

Print head overshoots a. Column I harness misadiusted. ReadjmL column i harness. O
lelt or tight margin, b. A_F) [use detective (cLght overshoot). Replace AqF3.

c, At_F_ fuse delective (lelt overshoot), Replace AqF_.
d. Column I harness defective. Replace column i harness.
e. -21 voit power absent (tell overshoot). (Ti

i. +21 volt power absent (right overshoot).._.gfl
g. Shuttle servo motor defective. Replace shuttle servo moto,.
h. Motor Driver CCA At_ detective. Replace Motor Driver CCA A_,
i. Processor CCA A3 delective. Replace Psocessoc CCA A3r

0
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TABLE 3-Z. FAULT PROBABILITY GUIDE (Contd)

Malfunction Symptom Probable Cause Maintenance Action 0
C

Paper does not advance when Priuter is in the on line _node? Press the ON LINE _witch lo go off line. [-_
the PAPER STEP switch is NO

pressed. YES

310-31 on the control panel goes low when the
PAPER STEP switch is pressed? PAPER STEP _wLtc.h defective. Replace O

NO control panel assembly.

YES Z

P2-t_6 Processor CeA connector goes low when
the PAPER STEP switch is pressed? Detective cable connection lro,n the Control

NO Panel PAPER STEP switch to the Processor
CCA. Repair or replace as necessary.

YES

U3t-16 on the Processor CCA goes iow when lhe
PAPER STEP switch is pressed? Detective I.C. LI31.

NO
YES

U22-18 on the Processor CCA is low during the
positive-going edge ot the clock pulse? Detective cLrc_,itry on the Processor CCA.

NO Repair or replace Processor CCA.

YES

PI-l? on the Processor CCA {STEP*) goes iow
after pressing the PAPER STEP switch? Defective 1.C. fJ22 or connection.

NO
YES

Ua-6 on the Motor Driver CCA (STEP') goes low
alter pressing the PAPER STEP switch? Detective cot,neclion froth Motor D{iver CeA

NO to the Processor CCA.

YES

Ug-q on the Motor Driver CCA goes high after
pressing the PAPER STEP switch? Detective I.C. (18 or associated circuitry.

NO
YES

P.}-_7 on the Motor Driver CCA goes to approxi-
mately +21V alter pressing the PAPER STEP switch? Delective Fl, Q l l, QI2, or ussociated

NO circuitry, or 12i¥ supply voltage.

YES

Pi-lg on the Motor Driver CeA (Phase l) goes low Detective connection from the Motor Driver
after initial power on? CCA to the Processor CeA, or the Processor

'YES CCAdetective
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TABLE 3-2. FAULT PROBABILITY GUIDE (Contd)

·Malfunction System Probable Cause Mainteo,mce ^CtlOn

When PAPER STEP switch is a. PAPER STEP switch defective. RepJace control panel assembly.
L.essed and released, paper b. Motor Driver CCA A a,defective. Replace Motor Driver CCA A_.
advances continuously, c. Processor CCA A3 detective. Replace Processor CCA A3.

Paper does not align to a. Paper improperly loaded. Reload paper.
top of [orm position, b. 6/8 LP[ switch optiuu improperly set. Verily that 6/1t LPI switch _s set to correct position.

c. FORM LENGTH switch option improperly set. Verify that FORM LENGTI'I switch setting agrees
with forms being used.

d. Paper feed belt broken. Replace paper feed belt.
e. TCVFU improperly loaded. Reload TCVFU.
f. Tape reader defective. Replace tape reader.
g. VF1J tape defective. Replace VFU tape.

ON LiNE indicator does not a. Printer is out of paper. Load paper.

go on after ON LINE switch b. Paper iow interlock switch misaligned, Adjust.
is pressedl ALARM indicator c. Platen gap lever in open position, or bail open Close platen gap lever, adj,_t bail open interlock
is on. interlock switch misadjusted oc defective, switch, or replace il defective.

d. Processor CCA defective. Replace Processor CCA tX3.

Printer continues printing Paper iow interlock switch misadiusted or Replace or adjust iow ,ntea lock switch as
a[ter paper supply has defective, appropriate.
been exhausted.

s Ribbon is not advancing. Ribbon cassette improperly installed or defective7 his t._ll or reptace as needca
NO

I YES

pi-.5 on the Motor DrivecCCAat *2IV? Fuse A_FI open or.21V _at)ply missing, Replace
NO fuse or repair power supply as needed.

YES

PI-20 on the Processor CCA (RMTR')goes Iow on a Defective Processor CCA A.L Replace
print or form feed operation?

NO
YES

PI-20 on the Motor Driver CCA (EM*)goes low or, a Derek tile connection bet,,cel_ Processor CCA and

print or form lead operation7 the M_tor Driver CCA A_. Repair. _l_
NO O

C
Yes

r _
IJl 3-6 On the Motor Driver CCA goes high on a print Detective I.C. UI3 or associated circuitry.
or form feed operation7 Repl,Lce 1.C, or repair circuitry as necessary.

Ltl

YES

i,o
0



TABLE 3-2. FAULT PROBABILITY GUIDE (Contd) _
Mallunction Symptom Probable Ca,se Mair, te,_aoce Achon _

Ribbon is not advancing. PI-I on the Motor Driver CCA (RMNEG) goes Iow on l'_r-_O1_
(Contd) a print or form feed operation?

NO Delective QI_. Replace.

YES Defective Ribbon Motor. Replace. O
O

Carriage does not move or a. Mechanical interference such as paper jam. Remove cause pi interference.
moves erratically, b. Idler pulley misadjosted. Adjust idler pulley adlOStment knob. _'_

c. Push-on terminals to shuttle secvo motor Connect terminal5 to shuttle servo mentor. _Z
disconnected.

d. Shuttle servo belt broken. Replace
e. Fuse AqF3 and/or AqF_ on Motor Driver CCA AO Replace fuse{s)

defective.

I. Power supply voltage absent.
g, Motor Driver CCA At defective. Replace Motor Driver CCA At,,,
h. Processor CCA A3 defective, Replace Processor CCA Al.

Printer does not operate a. Printer power cord not connected to power source. Connect power cord to power source
when power switch is turned b. Primary po'wer fuse Fl defective. Replace F [.
on. c. Power switch SI defective. Replace SI.

ON LINE indicator does not 310-12 on Control Panel (ON LINE LMP) m is low?

Bo on after the ON LINE NO
switch has been pressed; ON/LINE indicator defective or +20V supply
ALARM indicator is off. to indicator lamp is missing. Replace lamp or

I YES check power supply.
Ox

pl-qt_ on the Processor cra (ONLINE LMP m) is low?
NO Defective connectJoJ_ between Processor cea

a_d Control Panel. Repair.
YES

U3_-6 on the Processor CCA (ON LINE LMP*) is low?
NO I.C. U3:_ defective. Replace.
YES

JI0 -35 on the Control Panel (ON/OFF LINE _) goes
tow' when the ON LINE switch is pressed?

NO
YES Defective switch assembly. Replace.

! P2-O7 on the Processor CCA (ON/OFF LINE .)goes
low when the ON LINE switch is pressed?

NO
Defective connection between the Processor CCA

YES and Co. trot Panel. Repair.

U12-5 on the Processor cea (ON LINE FLOP) is

high?
NO

i I.C. U 12 or associated circuitry defective.
YES Replace.

Processor CCA A3delective. Replace.
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TABL]_ 3-2. FAULT PROBABILITY GUIDE (Contd)

Malfunction Symptom Probable Cause Maintenance Actiml

Paper does not advance Paper feed belt broken?
under any condition. NO

YES t*.cplace paper feed belt.

Tractor drive assembly binding or defective?
NO

Repair or replace tractor drive assembly as
YES needed,

PI-II on the Motor Driver CCA (STEP") goes low on

a paper move command or when pressing the PAPER
STEP

switch or TOP OF FORM switch? Detective Processor CCA Al or bad connection from
NO the Processor CCA A3 to the Motor Driver CCA AI_.

Repair or replace as needed.

YES

P l-_7 on the Motor Driver CCA (STEP") goes to
approximately *2IV on a paper move command or when
pressing the PAPER STEP switch or TOP OF FORM
switch?

k_ NO Fuse At*Fl open, *2IV _upply missi¢lg, or defect,ye
I circuitry on the Motor Driver CCA A_.

Repair or replace as needed.

YES

PI-Ir on the Motor Driver CCA (01") goes low on

initial power on? Detective Prnceasor CCA Al or bad connection from
NO the Processor CCA to tile Motor Driver CCA ALs.

Repair or replace as needed.

YES

PI-t*3 on tile Motor Driver CCA (PM0I) is at

approximately -2IV? Fuse Ao,F2 open_ -27V supply missing, or detective

NO circuitry on. the Motor Driver CCA Aq. Repair or

replace as needed. 0

YES Replace tile paper step moto,r.

ha
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TABLE 3-Z. FAULT PROBABILITY GUIDE (Contd) _

Malfunction Symptom I ' ' Probable Cause Mainte,bar,ce Action _ _:_

Paper does not advance US-10 on tim Motor Driver CCh is high?when the PAPER STEP NO Detective t.C. U8

switch is pressed. YES

PI-q3 on the Motor Driver CCh (PMI) is at M

approximately -21 V? _NO Open ruse F2_ associated components, or -2IV
supply voltage.

YES Replace the Paper Feed Step Motor.

In self test mode, paper Processor CCA A3 detective. Replace Processor CCh ^3.
does not advance after-
each line ol print

(overprint).

With printer on line, and a. interlace CCA A2 detective. Replace Processor CCh ^2.
interface connected, paper b. Processor CCh A3 delective. Replace CCA A3
advances incorrect number
of lines.

Paper does not advance when Printer is in the on line mode?
TOP OF FORM switch is NO

i_a pressed. YES Press ON LINE switch to go ott tine.
Oo

] [0-30 on the control panel goes iow
when the TOP OF FORM switch is

pressed?
[HO TOP OF FORM switch delective. Replace control

panel assembly.
YES

P2-a2 on Processor CCA connector

goes Iow when TOP OF FORM switch
is pressed?

NO Delective cable connection trom tile control ,oanel
TOP OF FORM switch to the Processar CCR.

YES
Delective Processor CCh. Replace

i
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switch allows the switch contact to open, thereby supplying a high level at
connector P2-41 of the Processor CCA (see Section IV, Volume IIL This high input is
provided to input port driver U31-11. When U3I-1 is enabled, U31-9 is then set,

I gating DBUS3 through I/O port transceiver U27 to system controller U19 and
I Processor Chip U2.

Under program control, the data bits are examined and
determined to be in a paper low condition. The shuttle is parked if it nas been
moving, and the ribbon drive motor and the ON LINE indicator are turned off. The
ALARM indicator is turned on. and the system data bus lines from bi-directional
driver U20 on the Processor CCA are sent to the status display indicators where a
status code of 01 is displayed.

Installation of paper and pressing the ALARM/CLEAR switch will
restore the printer to normal operation.

c. Cover Open - Status Display 03

An optional cover open switch is provided on the printer. If the
printer cover is opened while printing, the printer will go to an off-line condition,
and the print head will be parked at the end of the present print cycle.

With the cover closed, the cover open switch is held in an
energized position. Opening the cover allows its contacts to close, supplying a iow

....... level at connector P2-g3 of the Processor CCA (see Section IV, Volume II). This low
level is placed on input port driver U31-13. When U31-1 is enabled, U31-7 is set,
gating DBUS6 low through I/O port transceiver U29 to system controller U19 and
Processor Chip U2.

Under program control, the data bits are tested and found to be in
a cover-open condition. The shuttle is parked, and the ribbon driver motor and ON
LINE indicator are turned off. Pressing the ON LINE switch while the cover is open
will light the ALARM indicator. The system data bus lines from the bi-directional
driver U25 on the Processor CCA are then sent to the status display indicators on
the control panel, where a status code of 03 will be displayed.

Closing the cover and pressing the CLEAR switch will clear the
fault condition and restore the printer to normal operation.

d. Bail Open - Status Oispla_v 0#

The platen gap lever, if left open or if opened during printer
operation, will take the printer off line and prevent printer operation due to a bail
open condition. With the platen closed, the bail switch is in a de-energized position.
Opening the platen supplies a high level at connector P2-#5 0f the Processor CCA
(see Section IV, Volume II). This high level is placed on input port driver U31-2.
When U31-1 is enabled, U31-1S (data Bus g) is gated to the I/O port transceiver U27
system controller and processor chip U2.

Under program control, the data bits are tested and found to be in
a bail-open condition. If the printer is powered up with the bail open, the ALARM
light will be lit and status code of 04 will be displayed. If the bail is opened while
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the printer is operating, the shuttle is parked, and the ribbon drive motor and ON
LINE indicator are turned off. Pressing the ON LINE switch with the bail open will
turn on the ALARM light and gate the system data bus lines from bi-directional
driver LI28 on the Processor CCA to the status display indicators. /k status code of
04 wii! then be displayed.

Closing the bail and pressing the CLEAR switch will dear the
fault condition and restore the printer to normal operation.

e. No Tape_ Tape ReAder 3am -Status Display 09

One of the options available to the printer system is the tape
controlled vertical format unit (TCVFU). This option sets up the correct format
control for the printer.

When a TCVFU load operation is desired, the printer must be in
the off line mode, and the switch located on the tape reader unit must be manually

pressed. Pressing the tape reader switch develops the signal TRRQ (Tape Reader
Request) on the Interface CCA (See Section IV, Volume II). Signal TRRQ on 312-20
is routed through the lower tape channel port and through the first interface port of
the applicable Interface CCA to interface data bus DBUFI-DBUF8. Under program
control, the Processor CCA examines the contents of DBUFI-DBUFg) detects the
presence of TRRQ, and determines that it is a call for a TCVFU load routine.
Movement of the tape reader developsa tape readerstrobepulse.Thisstrobepulse
is developed from the tape sprocket feed holesand arrivesat connector 312-28 on
the InterfaceCCA as signalCHI3 (Tape Channel 13). The inputissentto U19-17,
and when enabled by 657 _ at U1%1_ itoutputsU19-3 (D!SU_'8)onto the interface
data bus.

Under program control,thisdata bus Esexamined, and ifno strobe
pulseoccurs at DBUFB, itisdetermined that eitherno tape has been installed,or a
tape reader jam has occurred. The TCVFU drivemotor then turnsoff,the ALARM
indicatorilluminates,and a statuscode of 09 isdisplayed.

I .

Correctton of the problem that caused the error condition,
pressing the CLEAR switch, and repeating the load operation will restore normal
printer operation.

f. TCVFU Re.ad/Compare - Status Display 10

If the TCVFU fails to read and compare for two consecutive times
durin§ the five read operations allo_ed, tape operation will halt and a status code of
I0 will be displayed.

i

During the TCVFU load routine, data read from the TCVFU tape
is input to the VFU memory. A pro§rammed count of five allows the user to read
the tape and compare it with the VFU memory for a maximum of five times. Each
time the tape is read and no comparison occurs, the VFU memory is changed to
reflect the new data, and the pro§rammed count of five is decremented. If the VFU
memory does not match the tape within two consecutive readings and within the
five tries allowed, a fault condition has occurred. The TCVFU drive motor will then
turn off, the ALARM indicator will be lit, and a status code of 10 will be displayed.
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Correction of the cause of the error condition,pressing the
CLEAR switch,and restartingthe tape read operationwillrestorenormal printer
operation.

g. No Too of Form - StatusDisplay 12

The TCVFU tape may be punched with any combination of Twelve
channels, with the exception that channel 1 represents the top of form, and channel
12 represents the bottom of form. ,During the initial tape read operation, a check is
made to ensure that the top of form hole punched in channel I is correctly punched
in the tape.

The output of channel 1 (CH1) arrives at 3i2-3# of the applicable
Interface CCA (see Section IV, Volume II). The CH1 output from the tape reader
goes Iow when that channel is sensed. If after reading the tape, CHi has not been
sensed, U19-18 will not be activated. Under program control, _his sequence will be
checked, the TCVFU drive motor will be turned off, the ALARM indicator will be
illuminated, and a status code of 12 will be displayed.

Inserting a correctly punched tape, pressing the CLEAR switch,
and restarting the tape load operation will restore normal printer operation.

h. Channel Not Found - Status. Display 13

....... Failure to find the Top of Form within 25# lines after it has
appeared the first time will cause a status code of 13 to be displayed. After each
line of TCVFU data is read, a check is made to determine if a TOF Code, Channel 1,
is present. The output of Channel 1 arrives at 312-3q of the applicable Interface
CCA (see Section IV, Volume II). Signal CHI from the tape reader goes low when
that channel is sensed. Failure of driver U1%18, the interface data bus line, to be
activated before a pre-programmed count of 25U has expired, will inform the printer
system that the tape is too long. The TCVFU drive motor will be turned off, the
ALARM indicator will be illuminated, and a status code of 13 will be displayed.

Inserting a tape of correct length, pressing the CLEAR switch,
and restarting the tape load operation will restore normal printer operation.

i. No Character Generator - Status Displa_L20

A program check is performed to ascertain whether or not the
character generator ROM, MEMS, on the Processor CCA (see Section IV, Volume II)
is installed. Under program control, a specified ROM location containing all zeros is
read and compared. Failure of the ROM to be installed will bring the ROM output
to a high level. Comparison of the specified ROM location when PROM has not been
installed will cause a fault condition. Printer operation will stop, the ALARM
indicator will be illuminated, and a status code of 20 will be displayed.

Installing a character generator ROM, pressing the CLEAR
switch, and restarting the print operation will restore normal printer operation.
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j. DAVFUFault - Status,Display26 r

The Direct Access Vertical Format Unit (DAVFU) allows format
information to be loaded directly from the user system into memory without the
need for a tape loop.

In the applicable Interface CCA, DAVFU memory is loaded by
sending a start code (156 octal) with the Paper Instruction (P.I.) high. Loading is
halted by sending a stop code (157 octal) with the P.I. high.

When loading DAVFU memory, the first data byte received
represents tape channels 1 through 6, and the second data byte represents channels 7
through 12. Thus, the data bytes must be loaded in pairs to prevent formatting
errors. The maximum number of data byte pairs read into memory is 255, not
including start and stop codes.

During the loading of the DAVFU memory,' the following errors
will be detected: (I) receipt oI a stop code after an odd number of data bytes, (2)
sending more data bytes than allowed, (3) parity error detection during the loading
of DAVFU data.

1. Receipt of a StOp Code After ..An Odd Number of D..ata Bytes -
When the printer is configured Wlth a DPC Parallel Interface CCA, receipt of a
DAVFU stop code with an odd character count (ACBITI high) enables NAND gate
Ull-Ii, setting DAVFU fault flip-flop U10 (see sheet 7 of DPC Parallel Interface
CCA logic diagram in Volume II of this manual). The output of U10, signal DAVFU
FAULT*, is channelled through U_0 and U57 (sheet 9 of Parallel Interface CCA
logic diagram) to bit DBUF3, informing the Processor CCA that DAVFU fault exists.

When the printer is configured with a DPC Centronics-
Compatible Interface CCA, receipt of a DAVFU stop code with an odd character
count (MEM ADD I high)enables NAND gate U26-6, setting DAVFU FAULT* flip-
flop U25 (see sheet 7 of DPC Centronics-Compatible Interface CCA logic diagram
in Volume II of this manual). The output of U25, signal DAVFU FAULT*, is
channeled through U38 and U§3 (sheet 3 of the DPC Centronics-Compatible logic
diagram) to bit DBUF3, informing the Processor CCA that a DAVFU fault exists.

When the printer is configured with a Serial Interface CCA,
all DAVFU errors are detected under software control by the processor chip U 1 (see
sheet 2 of the Serial Interface CCA logic diagram in Volume II of this manual).

2. Sending More Data Bytes Than Allowed - In response to
TRRQ, the Processor CCA generates enable signal ENRD* (10W, when active). This
signal is routed through p2-¢8 and 312-15 of the applicable Interlace CCA to 316-15
of the TCVFU CCA, turning on the tape drive motor.!

In printers configured with a Short Line Parallel Iht_ 'faze
CCA, a special group of logic circuits monitors the number of DAVFU bytes
received from the user.! When the number of DAVFU bytes exceeds the maximum
allowed (510), a DAVFU rFAULT* signal is transmitted by the Interface CCA to the
Processor CCA.
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Logic circuits implementing this error-detect function are
shown in sheet 7 of the Short Line Parallel Interface CCA (see Volume II of this
manual). Memory chip MEM3 monitors the accumulated byte count by sampling
ACBIT1-ACBIT9. When that count reaches 510, MEM1 generates signal TOP CNT,

which is applied to Ull-i. Along with TOP CNT, NAND gate Ull-3 monitors an
inverted version of DA STOP CODE. if TOP CNT is high when DA STOP CODE is
still low (top count has been reached but no stop code as yet), on the next byte
signal STROBE WRITE clocks flip-flop Ut0 into the set state, generating signal
DAVFU FAULT*.

in printers configured with a DPC Centronics-Compatible
Interface CCA, excess DAVFU byte detection is implemented in a manner similar to
that of the Short Line Parallel Interface CCA. As shown in sheet 7 of the DPC
Centronics-Compatible Interface logic diagram (Volume II of this manual), NAND
gate U26-11 monitors both signal 510 and an inverted version of DAVFU STOP. If
510 is high while DAVFU STOP is still low, the next DATA STROBE* signal clocks
flip-flop U16 into the set state, generating signal DAVFU FAULT*.

In printers configured with a Short Line Parallel Interface
CCA, receipt of a DAVFU byte with a parity error is detected by gate U3-6 (sheet 7
of the Short Line Parallel Interface CCA logic diagram). When gate U3-6 is
enabled, it DC-sets flip-flop U 10, generating signal DAVFU FAULT*

In printers configured with a DPC Centronics-Compatible
..... . Interface CCA, there are no provisions for detecting a parity error.

Pressing the ALARM/CLEAR switch and restarting the load
procedure will restore normal printer operation.

k. Print Right Normal - Status Display t_0

This routine defines the shuttle servo motor as moving at a right

pitch and not in an expanded or compressed print mode. Normal print mode is 10
characters per inch.

1. Print Left Normal - Status Display 41

This routine defines the shuttle servo motor as moving at a left

pitch and not in an expanded or compressed print mode. Normal print mode is 10
characters per inch.

m. Print Right ComPressed - Status Display 02

This routine defines the shuttle servo motor as moving at a right

pitch and in a compressed print mode. Compressed print is 16 characters per inch.

n. Print Left C.ompresse, d - Status Display _3

This routine defines the shuttle servo motor as moving at a left

pitch and in a compressed print code. Compressed print is 16 characters _er inch.
N

3-13



TI 6490.20
TROUBLESHOOTING

o. Print Right Expanded - Status Display 4# /

This routine will print from left to right at 5 characters per inch.
r

p. Print Le.ft..E.,.xpanded- Status Display 45

This roultine will print from right to left at 5 characters per inch.

q. TCVFU..Load Routine - Status Display 48

The TCVFU tape is read, and the data is stored in the VFU
memory. If the tape read does not compare with the VFU memory within a
maximum of five times, a fault condition will occur. A VFU-loaded signal to the

user, except in the case 0f the DPC Centronics-Compatible Interface CCA, will alsobe set or reset.

r. Position S.e.ek - Status Display 50

This routine is used to position the print head in the quickest way
to print a new line.

s. Shuttle Park - Status Display 52

This routine is used to reinitialize the shuttle location with

respect to the column one sensor, and also to park the shuttle. The shuttle is parked
approximately seven character columns to the right of the sensor.

t. Initialization Routine - Status Display St+
I

This routine initializes the paper feed motor, various flags,
registers and ports; parks the shuttle; checks for an Interface CCA; and shuts off

the display indicator lamp_.

u. Form Feed. Routine - Status Display 55

This roatine slews paper the required distance as indicated by the
Forms Length Counter (FLC) plus the number of lines required for Perforation

Skipover (SKPLNS). I
E

v. Six Lin_s Per Inch Routine - Status Display 56

resulting in the moving r n i n

w. Eight Lines Perfinch Routine - Status Display 57

This roJtine moves the paper feed motor through three phases,
resulting in the moving of paper one line feed at eight lines per inch.
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x. Step Routine - StatusDisplay55

This routinemoves the paper feed motor one phase. The phase
that ison when the routine isentered will be turned off, and the next phase will be
turned on.

y. Buffer Not Full - Status Display 62

A LOAD BUFFER signal is sent to the Interface CCA to initiate a
load operation. A 30-ms delay is allowed to complete the load operation. If the
BUFFER FULL signal, signifying that the load operation is compiel_e does not arrive
before the 30 ms load delay times out, the shuttle will be stopped.

Under program control, the system data bus is checked and if
signal BUFFER FULL has not arrived within the allotted 30 ms allowed from the
start of the load operation, the shuttle will be stopped and a'status code of 62 will
be displayed.

z. Buffer Interrogate - Status Display 63

This routine is used to interrogate the buffer for terminating
code, DAVFU format information, illegal characters, underline codes, and the first
and last printable characters.

- aa. No Shuttle Motion- Status Display.G_

A means of detecting the absence of shuttle motion is provided in
the printer system by sensing the encoder pulses. The encoder logic is comprised of
two D-type flip-flops, U I 1-5 and U I 1-9 on the Processor CCA (see logic diagram in
Volume II, sheet _ of the Processor CCA of this manual). U I 1-9 will be set when the
shuttle is moving to the right, and U11-5 will be set when the shuttle is moving to
the left.

A programmed time delay of one second is provided during which
time a check is made to see if shuttle motion has occurred.

Encoder flip-flopoutputs Ull-9 and UI[-5 are gated by U36-1
(ENC INT REQ*) to the 8080 CPU chip as an interrupt,and alsoto inputportU31-
15 (sheet_). When U31-I is enabled,U31-3 (DBUS7) willbe output high or low,
depending on the statusof the encoder signalU31-15. This output issent to the
ProcessorCCA, where itischecked under program control.Ifencoder pulsesfailto
occur within the allottedtime, a faultconditionhas occurred. The shuttleand
ribbon drive motors will be turned off, READY and ON LINE will go Iow, and a
status code of 6# will be displayed.

Pressing the CLEAR switch will reinitialize the printer sy 'em.

bb. No Interface CCA - Status Display 65

A means of verifying that the Interface CCA is installed in the
printer has been provided. During the power up and initializing procedures, a check
is made to verify installation of an Interface CCA. Data of all zeros is _vritten into
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location zero of the Interface RAM. This data is then read back. If it compares,
the Interface RAM flag is set, denoting that the Interface CCA is in the printer. If
the data read back does not compare, the InterfaceRAM flagisresetto inform the
Processor CCA of the absence of the Interface CCA.

If the printer is in the self test mode, the Interface CCA is not
needed, and printing will continue. If not in the self test mode, a check of the
Interface RAM flag is m_de, and if it is in the reset condition, printer operation is
discontinued, the ALARM indicator is illuminated, and the status code of 65 will be
displayed.

Installing an Interface CCA and pressing the CLEAR switch wilt
· J .

restorethe printerto normal operation.
i

cc. N.oC le_arto Alarmll.C/R Flip-Flop- StatusDispla766

Duringipower up, a software resetsignalisprovidedto initialize· t

the printer clrcwtry. A check is then made on the CLEAR flip-flop to be certain
that it has been reset. On the Processor CCA (see sheet t_ of the Processor CCA
logic diagram in Volume I II of this manual), CLEAR flip-flop output U19-9 will be
low when in a reset condition. This output is sent to input port driver U21-/l (sheet
_). When U21-1 (CS13') is enabled, U12-9 (DBS) will be Iow ii the CLEAR flip-flop
is reset, or high if the CLEAR flip-flop is not reset. This data is sent to the CPU
and Control section of the Processor CCA, where it is checked under program
control. If the CLEAR flip-flop is found not to be reset, all motors are turned off, a
status code of 66 will be displayed, and printer operation will come to a halt.

Correcting the condition that caused the failure and powering the
printer down, and then up, will clear the fault condition.

dd. Self Test - Status .Display 67

This routine sets up the self test buffer, generating a fixed
pattern printout. One hundred thirty two characters and a line feed are loaded into
the buffer. Both status displays are checked by counting from 0 to F. Whether or
not an Interface CCA is installed in the printer is also checked. If no Interface CCA
is installed, the Processor CCA RAM is selected as the print buffer, starting the
printout with a small "a". If the Interface CCA is installed, the Interface CCA RAM
is selected as the print buffer, starting the printout with a capital "A".

r

ee. Shuttl_e Pitch Wrong for Line of Data - Status Display 68

During the executive routine portion of the program, a
comparison of shuttle pitch and horizontal format switch setting is made to be
certain that the shuttle lis correctly set for the line of data to be printed. If the
switch is found to be ir_correctly set, the shuttle is parked, a s**tus code of 68 is
displayed, and the program is reinitialized.

3-16



TI 6490.20

TROUBLF_..SHOOTING

" ff. S_huttle Has Passed Point '_here Printing Should Belkin-
StatusDisplay69

Duringtheexecutiveroutineportionoftheprogram,thedirection
in which the shuttle is moving is checked, and a check is then made to see if printing
is to be normal, compressed, or expanded. The character column counter, which
contains the correct character column position of the print head, is then checked to
make certain that it is correct for the type of printing to. be done. If it is not
correct, a status code oi 69 will be displayed and the routine will be restarted.

. gg. Self Test With Interface - Status Display 70

This display denotes that the self test routine is being performed
with the Interface RAM being used as the print buffer. The printout will start off
with a capital "A".

3.3 POWER DISTRIBUTION

Figure 3-/ is a troubleshooting flow chart of the power supply and other
components related to power generation and distribution. Use the power supply
schematic diagram in conjunction with figure 3-1 to isolate any faulty power
components. Procedures for removing faulty power components are provided in the
M120/M200 Maintenance Guide, DPC Part No. 255074.
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